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ABSTRACT 
Rangeland managers face challenges to adapt to climate extremes, and research is 
needed on how to support their adaptive capacity for managing climate risk. This study 
evaluates adaptive capacity using an integrated vulnerability and resilience conceptual 
model and three cognitive behavioral models. Overarching research questions focus on 
the relationship between protective action and impacts and the best predictors of taking 
action in response to drought. Three studies address these questions, using quantitative 
data collected from two post-drought surveys of rangeland-based livestock managers in 
the Northern Great Plains of the U.S. The studies find evidence of the roles of social-
ecological sources of adaptive capacity, use of drought early warning and monitoring, 
and manager perceptions of their own efficacy in managing drought and the barriers they 
face, in predicting the actions taken (and at what time) during drought. However, in the 
studies, actions were not necessarily associated with experiencing fewer impacts, leaving 
questions about the effectiveness of post-event measurement of proactive drought action 
and impacts. A nested cognitive-social-ecological model of adaptive capacity is proposed 
to inform future research on drought management and climate adaptation. 
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CHAPTER 1: INTRODUCTION 
The Northern Great Plains region of the U.S. encompasses over 78,800,000 acres 
of grasslands and shrublands, providing ecosystem services that include food and fiber, 
carbon storage, water purification and cycling, wildlife habitat and biodiversity, 
recreation, and visual appeal (Havstad et al., 2007). The grazing lands in the region are 
largely privately owned and managed by sole proprietorship ranch operations. Thus, as 
the de facto “keepers” of these ecosystems, rangeland managers’ decisions affect millions 
of acres of land in the Great Plains region of the U.S.  
Ranchers in the Northern Great Plains face increasing challenges to adapt their 
livestock production systems and social-ecological systems to increasing climate 
extremes (Briske et al., 2015). For example, the region has experienced moderate to 
severe drought at some location almost every year since the turn of the century. Drought 
is expected to continue to be a concern in the future, due to increasing variability in 
precipitation patterns and increasing evaporative demand as global mean surface 
temperature increases (Anderson et al., 2007; Conant et al., 2018). 
Grassland ecosystems have been historically resilient to hazards such as drought 
(Finch et al., 2016; Vetter, 2009), but continuous grazing and/or heavy livestock stocking 
rates can increase a site’s vulnerability to drought by reducing its soil water infiltration 
and increasing surface runoff, decreasing forage production, and changing grassland 
species composition (Reece et al., 2008). Managed rangeland-livestock systems have 
experienced long-term costly ecological and financial impacts of drought such as 
rangeland degradation, desertification, and financial bankruptcy as a result of the 
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combination of severe precipitation deficits, management practices, and feed and 
livestock market dynamics (Bastian et al., 2006; Coppock, 2011; Dunn et al., 2005; 
Kachergis et al., 2014). When agricultural systems emerge from hazard events in an 
ecologically and financially degraded state, they may be more vulnerable to future hazard 
events and inadvertently become locked into less desirable paths for the future. Because 
of this, researchers such as Brown et al. (2016) warn that traditional rangeland 
management responses to drought may not be adequate to sustain ecosystem function and 
ranch financial health in the future.  
Identifying characteristics that enable managers to adapt social-ecological systems 
in response to drought and other shocks and drivers of change is of particular interest in 
the field of rangeland management. Briske et al. (2015) suggest that efforts to support 
climate-risk adaptation will not succeed without a better understanding of the interactions 
between range managers’ adaptive capacities and their exposure to climate risk. 
Supporting this view, Brown et al. (2016) argue for additional research on how to support 
managers’ capacities to make changes in their operations to better manage climate risk. 
This “adaptive capacity” may be thought of as the ability to prepare for stress in advance 
or adjust and moderate the effects caused by stress (Engle, 2011; McCarthy, 2001) or the 
ability to shape the changes experienced by a system through actions that sustain or 
transform it (Folke, 2006).  
There are gaps in understanding the key resources and processes that support 
adaptive capacity. The rangeland management literature is limited with regard to 
identifying key contributors and barriers to adaptive capacity and preparedness. Existing 
research focuses largely on objective resources supporting drought management 
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response. For example, operation size, enterprise mix, and grazing management strategies 
are objective resources that have been shown to influence the type and number of 
management practices used during drought (Bastian et al., 2006; Kachergis et al., 2014; 
Roche, 2016). However, McClaren et al. (2015) found that objective resources were less 
useful for predicting managers’ perceptions of being prepared for drought than subjective 
perceptions of capacity. Few other studies in this field examine subjective perceptions of 
adaptive capacity, though Wilmer et al. (2015) find that a manager’s short- versus long-
term outlook, learning, and interest in experimentation underlie various approaches to 
drought management. There is a need to critically examine the relationships suggested 
within this emerging body of research to better understand the roles of objective and 
subjective sources of adaptive capacity in rangeland managers' drought decision-making. 
Two strategies for drought management, planning and use of drought early 
warning information, may facilitate the integration of objective and subjective capacity, 
but have not been widely integrated into assessments of rangeland drought preparedness.  
Drought management planning has been recommended in extension guides since as early 
as 1980 (Bedell & Ganskopp, 1980) and the concept has become more common in 
rangeland management journals in recent years (Knutson & Haigh, 2013; McClaran et 
al., 2015; Thurow & Taylor, 1999). But while drought planning is often recommended to 
rangeland managers, there is a lack of empirical evidence as to how and whether having a 
plan changes drought preparedness and response, or whether having a plan leads to 
objectively improved drought outcomes.  
In addition to planning, producers’ successful adaptation to future climate 
variability and change may depend upon increasing their use of climate information 
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(Stone & Meinke, 2006). Derner and Augustine (2016) propose that those who use an 
adaptive and flexible grazing approach to drought management, in particular, can benefit 
from the use of climate monitoring information. Yet the use of information in rangeland 
drought decision-making is understudied. In general, agricultural decision-makers have 
not widely adopted the use of climate information in their risk management decisions 
(Haigh et al., 2018; Lemos et al., 2012; Marshall et al., 2011; Prokopy et al., 2013). 
Dilling et al. (2015) suggest that the use of information can increase adaptive capacity, 
but that lack of adaptive capacity can limit one's ability to use information. Research that 
provides stronger linkages between drought early warning information and adaptive 
capacity will strengthen this area of the research literature, and inform opportunities to 
improve the use of such information in rangeland management. 
Assessing and measuring adaptive capacity has proved to be a complex and 
nuanced pursuit (Engle, 2011). Adaptive capacity may be measured and defined 
independently of any specific stimulus or hazard, but is a latent construct that may not be 
able to be discerned outside of a hazard event. As a result, it is difficult to evaluate the 
degree to which improvements in adaptive capacity make a difference in lessening 
impacts of hazards such as drought. Research that leads to more effective methods of 
connecting adaptive capacity to effective hazard responses is needed to support 
management of future climate risks.  
Purpose and Overarching Research Questions 
The purpose of this study is to examine objective and subjective indicators of 
adaptive capacity and test the effect of adaptive capacity indicators on rangeland 
managers’ drought management actions and drought outcomes. The research design is 
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based upon Engle’s (2011) proposal that adaptive capacity be identified and measured by 
observing the outcome of a hazard event among different groups that have similar levels 
of exposure and sensitivity. The Northern Great Plains recently experienced two 
significant drought events to which managers had to respond. The 2012-2013 and 2016 
droughts differed in length, severity, geographic extent, and economic context, providing 
two contexts for study. Spatial variability in drought severity during each of these two 
drought events provides opportunity to compare the actions and outcomes of managers 
and their social-ecological systems across the study region. Research that examines how 
systems fare with exposure to different severities and lengths of drought, and the 
characteristics that are associated with faring better or worse at varying drought 
exposures, will inform this body of literature. 
While the study is inspired by Engle’s (2011) proposed methods, it is designed to 
address a logical gap in Engle’s method. Adaptive capacity only predicts outcomes 
inasmuch as it predicts the adaptation actions that affect outcomes. Taking action cannot 
be assumed to result in better outcomes or lesser impacts, because not all adaptation is 
successful or “adaptive” in the long run (Magnan, 2014). Thus, understanding differences 
in adaptive capacity may require understanding the predictors of different adaptive 
strategies taken. This study examines the relationship between actions and impacts and 
contributes to understanding the roles of various sources of capacity, including objective 
resources, use of monitoring information, perceptions about one’s own ability to cope, 
and having a plan for action, in predicting managers’ use of actions that minimize 
realized impacts. Research questions include: 
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1. For rangeland managers experiencing drought, what is the relationship 
between management actions and impacts? Chapters 4 and 5 test whether the 
actions that rangeland managers took during drought led to decreased impacts, 
controlling for drought severity experienced. 
2. For rangeland managers experiencing drought, what are the best predictors of 
taking action? Chapters 4, 5, and 6 test the ability of measures of objective 
and subjective adaptive capacity to predict taking actions that result in less 
impact of drought. 
The formal hypotheses to be tested are listed in Chapter 2. 
Significance  
This research informs gaps in the research literature and has practical implications 
for evaluating the success of efforts to build capacity for agricultural drought 
management. Drought risk management distinguishes between reactive approaches (also 
known as crisis management) and proactive approaches (also known as risk management) 
(Wilhite, 2000; Fu et al., 2013; Rossi et al., 2000) in a visual diagram known as the 
disaster management cycle. Risk management approaches are preferred as more effective 
than crisis management approaches (Wilhite, 2000; ISDR, 2009; Wilhite et al., 2005), 
though crisis management/emergency approaches continue to be more common in natural 
disaster management (Fu et al., 2013). The risk management approach, with regard to 
drought, is embodied in the “three pillars” framework adopted by the Integrated Drought 
Management Programme (IDMP) of the World Meteorological Organization (WMO) and 
Global Water Partnership (GWP) and global partners, which includes: i) drought 
monitoring and early warning systems; ii) vulnerability and impact assessments; and iii) 
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drought preparedness, mitigation and response (Gerber and Mirzabaev, 2017). But the 
discipline does not clearly define the connections between the three pillars, the 
relationships between mitigation, preparedness, and response, or the potential for both the 
risk management and crisis management segments of the disaster management cycle to 
affect and change future cycles. A better understanding of the construct and role of 
adaptive capacity may help to elucidate these relationships.  
Structure of Dissertation 
This dissertation is structured as such: Chapter 2 presents an overview of the 
relevant theoretical literature and clarifies the use of terminology throughout the articles. 
Chapter 3 describes the overall methodological approach. The three results chapters move 
the focus from socio-ecological interactions with drought management (Chapter 4) to 
climate cues and drought management (Chapter 5), to social-psychological processes and 
planning for drought management (Chapter 6). Chapter 4 and Chapter 5 are adapted from 
previously published manuscripts. Following the three results chapters, Chapter 7 
provides a concluding chapter that considers the research findings in an integrated way 
and suggests implications for future efforts. 
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CHAPTER 2: LITERATURE REVIEW 
Introduction 
Adaptive capacity is the organizing construct of this study.  The construct has 
been used to understand the process of change across many diverse disciplines and 
contexts.  The construct plays an important role in determining the outcome of a hazard 
event, shock, or disturbance, which is largely dependent upon the individual’s or 
system’s vulnerability or resilience, determined in part by adaptive capacity (Adger et al., 
2004; Blaikie et al., 1994; Brooks, 2003; Carpenter & Brock, 2008; Folke et al., 2002; 
Hayes et al., 2004; Holling, 1973). Plummer and Armitage (2010) provide a succinct 
summary of the development of adaptive capacity in the fields of natural sciences (e.g., 
Burian, 1983), cultural and human ecology (e.g., Denevan, 1983), risk and hazards (e.g., 
Blaikie et al., 1994; Brooks, 2003; Cardona, 2003), political ecology (e.g., Adger & 
Kelly, 1999), climate change vulnerability (e.g., Adger, 2006; IPCC, 2001; Smit & 
Wandel, 2006), and resilience and complex adaptive social-ecological systems (e.g., 
Berkes et al., 2000; Folke et al., 2002). In addition, the fields of social-psychology and 
rural development studies produced seminal works that have informed most recent 
research on indicators and determinants of adaptive capacity (e.g., Scoones, 1998).  
These disciplines have produced differing approaches to conceptualizing, 
operationalizing, and measuring this construct. The fields of climate change vulnerability 
and risk-hazards, in particular, view adaptive capacity as a component of the system’s 
vulnerability that can be observed and measured to identify how and why populations are 
differently vulnerable to change (Adger et al., 2004; Eakin & Bojórquez-Tapia, 2008; 
Eakin & Luers, 2006). However, the treatment of adaptive capacity in social-ecological 
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resilience does not mirror that in vulnerability studies; rather, adaptive capacity is 
associated with the ability to live with uncertainty, learn, and self-organize, which are 
characteristics that cannot be as easily observed and measured (Berkes et al., 2000). 
While these frameworks grew out of disparate academic disciplines, researchers are 
increasingly integrating and identifying points of commonality across them (Cutter, 
2018). The purpose of this chapter is to describe the theoretical frameworks that inform 
this investigation of adaptive capacity, and use the frameworks to propose formal 
research questions and hypotheses. 
Defining Adaptive Capacity and its Relationship to Coping and Transformation 
 With multiple disciplinary roots, adaptive capacity can be defined in many ways. 
Definitions include the ability to: prepare for stress in advance or adjust and respond to 
effects caused by stress (Engle, 2011), act proactively to diminish future vulnerability 
(Brooks, 2003), adjust responses to changing internal demands and external drivers 
(Carpenter & Brock, 2008), and shape change in a system through an interplay between 
sustaining and developing or transforming (Folke, 2006). The most commonly used 
definition might be that of the International Panel on Climate Change: “the ability of a 
system to adjust to climate change (including climate variability and extremes) to 
moderate potential damages, to take advantage of opportunities, or to cope with the 
consequences” (McCarthy et al., 2001, p. 869). 
Definitions of adaptive capacity differ in how they distinguish between 
adaptations prior to a hazard versus adaptations during or after. Some definitions of 
adaptive capacity are inclusive of the ability to take proactive action to moderate 
potential damages as well as the ability to take responsive action to cope with 
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consequences of a hazard or environmental change (Engle, 2011; Folke, 2006; Smit & 
Wandel, 2006). Others argue for a distinction between coping capacity with adaptive 
capacity, by linking coping capacity to the ability to deal with a discrete event and 
adaptive capacity as a longer-term dynamic involving learning both before and after 
hazard events (Levina & Tirpak, 2006). Adger et al. (2004) suggest, “a system may cope 
with short-lived transient recurrent hazards by deploying tried and tested temporary 
measures for the duration of the hazard. If it copes successfully, once the hazard has 
passed, the system may revert to its pre-hazard state. … Successful coping does not 
necessarily equate to adaptation, although lessons learned from a hazard event may result 
in the implementation of adaptation measures designed to increase the coping capacity of 
the system to similar future hazards” (p. 68). However, successful adaptation does equate 
to expanding the system’s ability to successfully cope with hazard events (Brooks, 2003; 
Levina & Tirpak, 2006). Therefore, one cannot consider adaptive capacity without 
considering future coping capacity. 
The timing of the action appears to define one distinction between adaptation and 
coping. Smit and Skinner’s (2002) typology allows for multiple types of adaptation, but 
defines them by their purposefulness (planned or spontaneous), timing (implemented 
proactively, concurrently, or responsively to the condition), and duration (intended to last 
for a short term or longer term), in addition to autonomy, scale, responsibility, and form. 
Smit and Skinner (2002) define adaptations by the intended effect of preventing loss or 
tolerating loss (aka coping), and this effect may be determined by the adaptation’s timing, 
among other things. Thus, efforts to categorize capacity as adaptive or coping are not 
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universally meaningful; rather, capacity should be understood in relation to the type of 
adaptation examined and the timescale of the specific hazard event or trend. 
For the sake of assessing capacity to cope with and adapt to drought, this study 
uses the term “adaptive capacity” to include the manager’s ability to take action at any 
time in order to minimize the realized impacts of drought.  In other words, adaptive 
capacity and coping capacity are considered functionally similar. While drought may be 
considered a discrete hazard event (Brooks, 2003), it is also considered a “creeping 
phenomenon” (Wilhite, 2000) that may evoke both proactive protective actions that are 
intended to limit harm as well as reactive protective actions that are intended to cope with 
the consequences of the harm experienced (Tinch et al., 2015). The ability to take action 
during drought is an expression of the system’s current capacity to adapt, though current 
capacity may not reflect the capacity to adapt to future events (a distinction drawn by 
Adger et al., 2004, as well). However, many of the factors that determine current adaptive 
capacity will also determine future adaptive capacity, making investigation of the 
relationships and processes of current and historical risk outcomes relevant for 
considering future conditions. 
Adaptive Capacity as a Property of the Social-Ecological System  
As adaptive capacity is a key construct in both vulnerability and resilience 
literatures, it is beneficial to study it using a conceptual model meaningful to both.  The 
general conceptual model of change (Chapin et al., 2009) integrates these multi-
disciplinary approaches to understanding the connections between the social-ecological 
dynamics of a system and its capacity to cope and adapt in response to a hazard event 
(Figure 1). Rooted in resilience theory, the Chapin et al. model portrays the “system” 
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itself as non-static and embodying the current and historical interactions between 
resources and management. And it depicts the outcome of a hazard, its impacts, and 
resultant learning and adaptation as either leading to persistence of the current system 
(feeding back into the system box) or transforming the system in either desirable or 
undesirable ways. In this model, decision-makers take action in response to a hazard’s 
potential or realized impacts, in ways that are enabled or constrained by the 
characteristics of the system, and have agency to learn, adapt, and innovate in ways that 
either preserve the system or move it to a more desirable, post-hazard state. The model is 
consistent with the sociological Theory of Structuration, which holds that individual 
actors both respond creatively to the social structures and environment that constrain 
them and also shape structure and environment both consciously or subconsciously 
through their actions (Feola & Binder, 2010; Giddens, 1987). 
 
 
Figure 1 Chapin et al. (2009) conceptual model 
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Drawing on vulnerability theory, the Chapin et al. (2009) model depicts pathways 
for the social-ecological system to shape its exposure to harm, sensitivity to harm, and 
ability to cope, learn, innovate and adapt (Adger et al., 2004; Cardona, 2003). Exposure is 
a characteristic of the whole system, commonly defined according to where populations 
live in relation to specific hazard events (Brooks, 2003; Hufschmidt, 2011). Sensitivity is 
defined as the “degree to which a system is affected by or responsive to climate stimuli” 
(McCarthy et al., 2001) and is located in the model as a property that emerges from the 
system’s resources and management dynamics. The model also depicts the system’s 
resources and management as influencing the process of coping, learning, innovating, and 
adapting, as others would define adaptive capacity (Armitage, 2005; Eakin & Bojórquez-
Tapia, 2008; McCarthy et al., 2001; Yohe & Tol, 2002), and thus it is labeled as such.  
The Chapin et al. (2009) model locates coping, learning, innovating, and adapting 
somewhat ambiguously in time between the impacts of the hazard event and the point in 
time that leads to either persistence or transformation of the system. Some models locate 
these actions as modifying potential impacts (a function of exposure and sensitivity) to 
minimize realized impacts (Brown et al., 2016). But learning and adapting also take place 
in response to realized impacts. With further examination of this ambiguity, Chapter 4 of 
this study uses the Chapin et al. conceptual model to examine of how heterogeneous 
rangeland-livestock systems respond during droughts of different severities and lengths, 
and which drought response actions are associated with faring better or worse during 
those droughts. 
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Adaptive Capacity as an Aspect of the Social-Cognitive Process 
Neither the Chapin et al. (2009) model nor most general vulnerability or resilience 
conceptual models address the actual process of decision-making around coping and 
adaptation. Most researchers now acknowledge that connecting adaptive capacity to 
actual adaptation is “uncertain” (Adger et al., 2004; Vincent, 2007) and that people with 
seemingly low objective adaptive capacity may be more likely to take adaptive action 
than those with greater levels of adaptive capacity. A number of factors may explain 
“why high capacity social systems may resist adoption, and why low capacity systems 
may adapt well despite having a low resource base”, including risk attitudes, personal 
experience, trust in authorities, place attachment, competing concerns, and household 
composition and dynamics (Mortreaux, 2017, p.7). Researchers increasingly 
acknowledge the role of choices made at the individual level—for example, to balance 
present needs with future needs and to manage multiple pressures at the same time. But 
many conceptual models are unable to represent the decision-maker’s cognitive process. 
Thus, for studies number two and three, social-cognitive models are investigated, as 
described below. 
Several social-cognitive models have been developed to predict protective or 
adaptive behaviors, including the Health Belief Model (Rosenstock, 1974), Social 
Cognitive Theory (Bandura, 1987), Theories of Reasoned Action and Planned Behavior 
(Ajzen, 1991), and Protection Motivation Theory (Rogers, 1975). A review by Armitage 
and Conner (2000) finds that these models, developed in the context of health behavior 
and increasingly applied to hazard response and climate adaptation, have many 
overlapping constructs and theoretical relationships. In seeking frameworks that might 
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describe individuals’ decision-making in response to hazards such as drought, the study 
focuses on two protective action models, described below, that were developed 
specifically to assess the effect of fear appeals and other types of information on 
protective action.  
The Model of Private Proactive Adaptation to Climate Change (MPPACC) is an 
adaptation of Protection Motivation Theory (PMT) that specifically addresses adaptation 
to climate change risks (Grothmann & Patt, 2005; Rogers & Prentice-Dunn, 1986). Like 
PMT, the MPPACC model posits that two cognitive processes (establishing perception of 
threat and perception of adaptive capacity) determine the likelihood that an individual 
will take either maladaptive or adaptive behavior in response to information received 
(Figure 2). Establishing perception of threat is likely familiar to researchers in risk-
hazards, as the process involves identification of the likelihood and severity of the threat 
and the assessment of the degree to which an individual or system is sensitive to harm. 
Establishing perception of adaptive capacity depends on the decision-maker’s assessment 
of the likelihood and cost of appropriately responding to the perceived threat. PMT and 
MPPACC have been used to predict responses to the risks of natural hazards such as 
drought, landslides, flooding, and climate change (Brugger et al., 2018; Gebrehiwot & 
van der Veen, 2015; Keshavarz & Karami, 2016; Le Dang et al., 2014; McClaran et al., 
2015; Mertens et al., 2017; Mutaqin, 2019; Truelove et al., 2015), predict climate change 
adaptation (Elum et al., 2017; Phuong et al., 2018; Werg et al., 2013; Wouterse, 2017; 
Zheng & Dallimer, 2016), and explain agricultural water management (Kuruppu & 
Liverman, 2011) and agricultural transformations in response to multiple stressors 
including water availability (Eakin et al., 2016). The MPPACC model is used in study #3 
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to examine the drivers of adaptive versus maladaptive strategies taken by rangeland 
managers in response to the 2016 drought. 
  
Figure 2 Simplified Model of Private Proactive Adaptation to Climate Change 
(Grothmann and Patt, 2005) 
The Protective Action Decision Model (PADM) proposes a similar cognitive 
process to PMT but was developed for use in time-sensitive hazard response situations 
such as hurricanes, tsunamis, or fire evacuations rather than longer-term adjustments to 
climate change (Lindell & Perry, 2012). The PADM emphasizes the pre-decisional 
processes of noticing, understanding, and paying attention to the cues and warnings 
(information) that spur an individual to begin assessing threat potential and coping 
opportunities (Figure 3).  The authors focus on this process to highlight the effect that 
ambiguity in cues and warning information can have on the length of time it might take 
an individual to decide to take action. They propose that ambiguity causes decision-
makers to spend time seeking and processing additional pieces of information repetitively 
until it becomes too late to undertake a successful protective action. Thus, a great deal of 
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emphasis is put on the sources of environmental, social, and warning information that are 
received and perceived by decision-makers.  
  
Figure 3 Simplified Protective Action Decision Model (Lindell and Perry, 2012) 
The PADM has been used extensively in the context of short-term emergency 
decision-making such as evacuation from fires, hurricanes, floods, landslides, and 
technological disasters (Collins et al., 2018; Hu et al., 2019; Huang et al., 2016; Huang et 
al., 2012; Kuligowski, 2013; Kuligowski & Mileti, 2009; Lindell & Prater, 2002; 
Mayhorn & McLaughlin, 2014; Mertens et al., 2018; Terpstra & Lindell, 2013). Sim et 
al. (2018) include drought in a PADM-driven examination of the response to multiple 
natural hazards. The PADM, in addressing short-term immediate hazard threats, tends to 
address action that takes place just before and concurrently with a hazard event. PADM-
associated studies are more likely than others to ascertain the timing of the action in the 
context of the emergence of the hazard event. The PADM is used in study #2 to examine 
the effect of various sources of information that were perceived and acted upon by 
rangeland managers during the 2016 drought. Study #2 uses this model to refine the 
measurement of drought management action by including timing so that the relative 
timing of actions and impacts can be discerned. 
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Planning and Protective Action  
Most motivation-based theories are better at predicting intention than actual 
behavior (Armitage & Conner, 2000). The Theory of Implementation Intentions is a 
behavioral enaction theory meant to improve the connection of behavioral motivation 
with action (Gollwitzer & Sheeran, 2006). Implementation intentions are defined as if-
then plans that facilitate achieving one’s goal. Implementation intentions are formed as a 
result of setting goal intentions (Wong et al., 2016). In other words, implementation 
intentions as described here are set proactively before an occasion arises to carry out the 
action. The direct effect of having implementation intentions with regard to hazard 
response may be to influence the threat and coping appraisal processes when a hazard 
occurs. (Figure 4) Research has found the effect of implementation intentions on the 
decision-maker may be to increase ability to detect specified cues to action, overcome 
initial reluctance to take action toward a goal, and shield goal-oriented behavior from 
being derailed (Aarts et al., 2002; Gollwitzer & Sheeran, 2006; Webb & Sheeran, 2007). 
The theory shows promise for enhancing protective action theories (Wong et al., 2016), 
but has not explicitly been incorporated into protective action causal models. There is a 
need for research as to whether the incorporation of implementation intentions into 
protection motivation theories improves ability to predict action (Armitage & Conner, 
2000), and if so, to examine their pathways of influence. Study #3 examines the 
usefulness of adding implementation intentions to the theoretical relationships proposed 
by the MPPACC.  
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Figure 4 Model of Implementation Intentions proposed by Wong et al. (2016). Dashed 
lines represent additional proposed relationships. 
Theory-informed Hypotheses 
Based on the theoretical relationships described above, the overarching research 
questions listed in Chapter 1 are expanded to seven research questions to be answered 
using methods described in Chapters 3-6. Three studies contribute to answering the 
overall research questions. Study #1 uses the Chapin et al. (2009) conceptual model to 
test hypothetical relationships among drought exposure, social-ecological indicators of 
sensitivity and adaptive capacity, drought response actions, and impacts. The research 
questions of study #1 are: 
1. What predicts drought response actions taken? Do rangeland managers 
respond similarly to drought severity? If not, which characteristics of 
managers’ social-ecological systems (as sources of adaptive capacity) explain 
heterogeneous drought response actions?  
2. What is the nature of the relationship between the actions taken and the 
drought impacts experienced, controlling for drought severity?  
Building upon the findings of study #1, study #2 refines the measurement of drought 
protective action by including measurement of the inter-annual timing of the action so 
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that the relative timing of actions and impacts can be discerned. Study #2 uses the PADM 
to understand how the messages and information about the drought event might be 
perceived as drought risk and acted upon, and in what amount of time. The research 
questions of study #2 are: 
3. Does drought early warning information affect the timing of managers’ 
observation of drought emergence, controlling for drought severity? 
4. Does drought early warning information affect the timing of their drought 
response, controlling for drought severity? 
5. Does the timing of range managers’ drought protective actions affect the 
impacts that they experience during a drought, controlling for drought 
severity? 
Study #3 tests the relationship between objective sources of adaptive capacity including 
having a plan, perceived adaptive capacity, and the use and timing of protective actions 
taken during drought. The hypothetical relationships between threat and coping appraisal 
in the MPPACC are tested to better understand the drivers of proactive and reactive 
actions. The research questions considered in study #3 are: 
6. Are indicators of objective adaptive capacity, including having a drought plan, 
related to the manager's: 
a. Perceived self-efficacy in managing drought? 
b. Perceptions of barriers to successful drought management? 
c. Use of drought early warning information in decision-making? 
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7. Can the timing of response actions taken during drought be predicted by the 
manager’s:  
d. Perceived adaptive capacity? 
e. Indicators of objective adaptive capacity? 
f. Having a drought plan? 
Conclusion 
 The dissertation’s three studies draw upon pieces of the related theoretical models 
to answer the proposed overarching research questions, and demonstrate how cognitive 
and social-ecological models of adaptive capacity may be improved. Key aspects of the 
models are tested in order to explore potential relationships and gaps. The general 
methodology of the research is described in Chapter 3. 
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CHAPTER 3: METHODOLOGICAL OVERVIEW 
Introduction 
The purpose of this chapter is to introduce the overall research methodology for 
three interlinked studies of the factors that influence the protective actions of rangeland-
livestock managers in response to drought. First, the chapter describes the research 
design, rationale, and overview of the data collection method. Second, the chapter 
describes methodological issues with the measurement of key constructs. Discussion of 
specific measurement instruments, operationalization of constructs, sample sizes, 
sampling procedures, data collection procedures, response rates, and data analysis 
methods are described in Chapters 4-6. 
Research Design & Rationale 
 Three studies were designed to answer the six research questions outlined in 
Chapter 2, using quantitative data collected from two post-drought surveys of cross-
sectional, probability-based samples of rangeland-based livestock managers in the 
Northern Great Plains of the U.S. The method was selected in order to produce 
quantitative measurements of population attributes (Groves & Lyberg, 2010), as the 
intent of the studies was to investigate these relationships with managers who had 
experienced varying levels of drought in the same context (e.g., same market conditions, 
input costs, policy) and responded heterogeneously through their protective action 
strategies. Correlational statistical analysis was used to test research hypotheses and 
investigate the nature of relationships among variables.  
Following two drought events, standardized survey data was gathered from a 
representative sample of a target population, in which each individual had a known 
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probability of inclusion (Dillman et al., 2014). The target population was made up of 
agricultural producers who experienced dry conditions during the 2012-2013 and 2016 
droughts in the U.S. Northern Great Plains. The 2012-2013 post-drought questionnaire 
was designed and administered as part of a U.S. Department of Agriculture Natural 
Resources Conservation Service (USDA NRCS) Conservation Innovation Grant-funded 
project studying the effects of innovative grazing strategies on rangeland drought 
resilience. The 2016 post-drought questionnaire was designed and administered as part of 
a National Oceanic and Atmospheric Administration Sectoral Applications Research 
Program (NOAA SARP) funded project to improve drought early warning capabilities 
for agriculture in the Missouri River Basin. The questionnaires used primarily closed-
ended questions to measure indicators of objective adaptive capacity, perceptions related 
to threat and coping, sensitivity to harm, protective actions taken during drought, and 
assessed impacts of drought. The survey data was combined with instrumental measures 
of drought severity to indicate local levels of exposure to each drought event. 
Overarching constructs and the approach to measurement are discussed below. 
Overarching Constructs and Approach to Measurement 
Measuring Indicators of Adaptive Capacity 
Adaptive capacity is a theoretical construct, not a directly observable 
phenomenon. To indicate its presence or absence, the construct is operationalized by 
identifying indicators that can be observed. The indicators of adaptive capacity have been 
broadly categorized and indexed in a number of ways (Armitage, 2005; Carien De 
Villiers et al., 2014; Defiesta & Rapera, 2014; Eakin & Bojórquez-Tapia, 2008; 
McCarthy et al., 2001; Jakobsen, 2013; Lockwood et al., 2015; Swanson et al., 2009; 
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Vincent, 2007; Yohe & Tol, 2002). Most of the schemas reflect the common underlying 
structure of the Livelihoods Framework, which focuses on structural human, 
social/political, financial, natural, and physical assets, processes, and activities 
surrounding an individual’s success in their livelihood (Ellis, 1999; Scoones, 1998). In 
addition, a few additional determinants, such as technology (McCarthy et al., 2001), 
informational resources (Eakin & Bojórquez-Tapia, 2008; McCarthy et al., 2001) and 
diversity (which can apply to any of the resource categories) (Eakin & Bojórquez-Tapia, 
2008) improve the comprehensiveness of the indices. Information and risk behavior, 
learning, and innovation also shape human capacity at the individual scale, though the 
research literature does not attempt to describe how these factors function alongside other 
sources of adaptive capacity (Carien De Villiers et al., 2014; Lockwood et al., 2015). The 
cognitive models described in Chapter 2 may fill this gap by suggesting specific adaptive 
capacity roles for early warning information (Lindell & Perry, 2012), perceived self-
efficacy and barriers (Gebrehiwot & van der Veen, 2015), and having an if-then plan or 
implementation intentions (Gollwitzer & Sheeran, 2006).    
This study places potential adaptive capacity indicators into categories relevant to 
private rangeland-livestock operations, including financial resources, feed resources, 
management flexibility, human and social resources, having a drought plan, manager 
perceptions, and information resources. Table 1 outlines the indicators measured in the 
2014 and 2016 surveys. Indicator operationalization is detailed in Chapters 4-6. 
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Table 1 Adaptive capacity indicators as categorized in analysis 
AC Determinant/Indicator 2014 Survey 2016 Survey 
Financial Resources % dependent on farm/ranch  
PRF insurance 
% dependent on farm/ranch 
Insurance 
Feed Resources # hectares of pasture/range 
Type of range 
Feed base 
Reserve forage capacity  
Purchased feed - feed yard 
Irrigation  
# range hectares  
% rented rangeland to total 
Feed yard – winter/summer 
Management Flexibility Grazing strategy 
Enterprise mix 
Other sources of income –
custom grazing  
Human/Social Resources  Education 
Experience 
Organizational memberships 
Drought Plan  Plan – implementation intention  
Manager Perception  Perceived self-efficacy 
Perceived barriers to successful 
management 
Information Resources  On-farm monitoring 
Use/influence of information 
 
Often, researchers attempt to combine indicators to develop quantitative indices to 
map, rank, and compare levels of vulnerability or adaptive capacity of two or more 
systems relative to one another. But according to Hinkel (2011), indices are not necessary 
for discerning the processes in which adaptive capacity shapes the responses to or 
impacts of drought. To discern processes, it is more important to define and measure the 
key variables that may indicate adaptive capacity in the system. This study examines a 
range of key variables as individual indicators, not sum-total indices, of adaptive capacity 
and tests theoretically driven models to determine the unique role(s) of each type of 
indicator in predicting actions. 
Measuring Drought Sensitivity 
 While the intent of the study is to identify indicators and pathways of adaptive 
capacity, it is important to note that the same indicators have been used to identify the 
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more general constructs of vulnerability and resilience (Brooks et al., 2005; Cutter et al., 
2010). Attempts to isolate characteristics as indicators of adaptive capacity versus 
sensitivity, vulnerability, or resilience may be unrealistic, according to Smit & Wandel 
(2006), because many determinants of sensitivity to harm are similar to determinants of 
capacity for adaptation. For example, Eakin and Bojórquez-Tapia (2008) identify levels 
of sensitivity in a system according to crop type and dependence of household income on 
sensitive crops/practices, factors which may also be categorized as natural and financial 
adaptive capacity. Soils, land use (range versus crop), and irrigation (per Wilhelmi, 2002) 
may also indicate both/either sensitivity of the system to harm and/or capacity of the 
system to adapt. Chapin et al. (2009) indicate that both sensitivity and adaptive capacity 
arise out of the interaction of the resources and management of the social-ecological 
system, and do not distinguish specific indicators of one or the other. Thus, while 
variables are included in the three studies’ models as indicators of adaptive capacity, their 
function with regard to any given outcome may actually serve as a measure of the 
system’s sensitivity.  
Measuring Drought Exposure 
Drought is defined generally as an abnormal deficit of precipitation prolonged to 
the point of unbalancing hydrological processes (Heim, 2002). For each of the three 
studies, exposure to drought is indicated by the drought severity measured in 
respondents’ counties during each time period of interest. Quantitative measures of 
drought attempt to represent the effects of abnormal moisture deficiency (Heim, 2002). 
While a plethora of alternative measures exist, the Standardized Precipitation 
Evapotranspiration Index (SPEI) is the drought exposure measure used in this study. The 
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SPEI is a multi-scalar drought index that accounts for precipitation as well as potential 
evapotranspiration, which is driven by temperature (Vicente-Serrano et al., 2010). The 
SPEI is calculated based on the difference between precipitation and potential 
evapotranspiration derived from climate station measures of precipitation and 
temperature. Its range is +3 (indicating extreme wetness) to -3 (indicating extreme 
dryness). Values of -1.00 to -1.49 correspond to “moderately dry,” -1.5 to -1.99 to “very 
dry,” and -2.00 and below to “extremely dry.” The index can be calculated for different 
timescales, representing the time over which different categories of drought tend to 
develop (Heim, 2002). SPEI values calculated at a 3-month time step have been shown to 
represent the general response time of forage production to drought (Svoboda et al., 
2016). As a measure of departure from normal, SPEI can be used to identify the onset and 
end of a drought event.  
Measuring Drought Impact  
The Engle (2011) method of measuring adaptive capacity depends upon 
measuring the impact of a specific hazard event.  Impacts can be used to measure 
historical risk.  They may also represent future risk, but only if other aspects of 
vulnerability or the hazard do not change over time (Adger et al., 2004). Impacts can be 
identified as primary and secondary, or direct and indirect (Ding et al., 2011). The 
primary and secondary impacts of drought on grassland growth and reproduction, and the 
ecological and management factors that underlie its physical vulnerability to drought 
stress, are well documented. Forage growth and reproduction depend upon soil moisture 
and precipitation. Primary impacts of drought are cumulative and include reduced leaf 
growth, reduced root growth, leaf die-off, and eventual vegetative tiller mortality (Finch 
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et al., 2016; Smart et al., 2007). These conditions lead to secondary impacts including 
degraded rangelands or desertification, invasive species encroachment, wildfire, loss of 
wildlife habitat and food, livestock impacts, and financial losses (Finch et al., 2016; 
Thurow, 2012). Some primary impacts may be solely the result of precipitation 
deficiencies, though secondary and additional order impacts are generally “the result of 
interplay between a natural event (precipitation deficiencies because of natural climate 
variability) and the demand placed on water and other natural resources by human-use 
systems” (Wilhite et al., 2007). It is important to note that impacts are not always 
negative, and that drought may benefit some systems. 
In Chapter 5, the analysis distinguishes between observed drought conditions and 
ultimate impacts or outcomes of a drought event. Observed drought conditions are 
indicators of an individual’s awareness and understanding of the physical state of their 
environment, including soil moisture, plant growth or stress, or reduced forage 
production. Conditions may worsen or improve over the course of a growing season, 
while the ultimate effect of the drought on variables commonly considered to be impacts 
in the form of crop, pasture, livestock, or financial losses may not be determined until the 
end of the growing season. For example, lack of precipitation has different effects on 
crop yield depending on the time of year and growth stage of plants at that time. An 
individual may observe crop stress at one point during the growing season, but ultimately 
report no negative impact to crop yields at harvest (Wu & Wilhite, 2004).  
Measures of impact represent the degree to which managers consider that their 
operation was ultimately harmed because of drought exposure over the full growing 
season. In each of the three studies, impact was measured through respondent self-
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assessment of the ultimate degree of harm or loss due to the drought. In the study of the 
2012 drought, the degree of harm or loss was measured through four indicators of 
secondary impacts of drought: rangeland health, animal production, cash flow, and the 
value of the ranch operation. In the study of the 2016 drought, measures of impact were 
the percent loss to six indicators: pasture hay yield; range productivity; range health or 
diversity; animal gain/productivity; net income of the operation; and cash reserves or 
savings. Multiple impacts were considered to account for the heterogeneous goals and 
objectives of range and livestock producers. The list was pre-determined for respondents. 
Other indicators that were relevant to rangeland managers may have been missed.  
Measures of Management Actions 
When a drought event occurs, range and livestock managers’ responses vary in 
type, scope and timing (Bastian et al., 2009; Coppock, 2011; Kachergis et al., 2014). 
While some managers make incremental modifications to their management in response 
to drought, others act in ways that may transform their operations for the long term; and 
while some focus on on-farm responses, others may apply for off-farm (governmental) 
assistance. An action’s timing, including pre-event action based on forecasts, concurrent 
action as drought emerges, and reactive action after impacts are evident, may result in 
unique outcomes in terms of impacts to the social-ecological system (Smit & Skinner, 
2002). In this study, a variety of common rangeland drought management actions are 
considered, based on a review of other studies of rangeland drought management (e.g., 
Bastian et al., 2018; Coppock, 2011; Dunn et al., 2005; Kachergis et al., 2014). Use of 
each drought management action is measured similarly in the 2014 and 2016 surveys, 
through questionnaire items that ask respondents whether or not they used a pre-selected 
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list of actions due to the recent drought event. The 2014 questionnaire features a longer 
list of common actions that may be used to balance feed supplies and needs during 
drought, including: purchasing hay/feed, feeding from stockpiles, grazing pastures earlier 
than usual, grazing cover crops or residues, moving animals to feedlot, sending custom 
grazed animals home early, leasing or purchasing additional grazing land, early weaning, 
selling culls earlier than usual, and reducing stockers and/or breeding animals. The 2016 
questionnaire asks about a shorter, more general list of management actions, including: 
purchasing supplemental hay or feed, early grazing fall/winter pastures, destocking in 
general, and culling/selling breeding animals, and also asks for the month that 
respondents began taking each action. As with impacts, it is important to note that actions 
relevant to respondents may not have been included in the survey, and thus may be 
unrepresented here.  
Methods Described in Chapters 4, 5, and 6 
 This chapter provided an overview of the research design and approach to 
measuring constructs important to answering the research questions of the study. Chapter 
4 provides a description of the 2012-2103 post-drought questionnaire, operationalization 
of the constructs used to answer research questions #1 and #2, sampling procedures, data 
collection, response rate, and data analysis methods. Chapter 5 provides a description of 
the 2016 post-drought questionnaire, operationalization of the constructs used to answer 
research questions #3–#5, sampling procedures, data collection, response rate, and data 
analysis methods. Chapter 6 uses the data from the 2016 post-drought questionnaire as 
well, so only operationalization of specific constructs needed to answer research 
questions #6 and #7, issues of sample size, and data analysis methods are described. The 
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2012-2013 and 2016 post-drought surveys are attached as Attachment A and Attachment 
B. 
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CHAPTER 4: SOCIO-ECOLOGICAL INDICATORS OF ADAPTIVE CAPACITY 
Introduction 
The goal of ranch drought management is to minimize the risk associated 
specifically with climate variability (Thurow & Taylor, 1999). But drought management 
goals, as well as expectations of what constitutes an impact, may differ from one 
production system to another and from one time period to another. Drought management 
takes place in the context of multifaceted, dynamic, adaptive socio-ecological systems 
that encompass rangeland ecosystems, livestock production, markets, and business and 
family systems (Folke et al., 2002; Walker & Abel, 2002; Dunn et al., 2005; Walker et 
al., 2012). The management of these interconnected systems is driven by the manager’s 
unique objectives for each, and each management decision is likely to lead to tradeoffs in 
system dynamics, making drought management more complex than it might appear 
(Birge, 2017).  Adding to the uncertainty of drought management, interactions among 
socio-ecological systems may result in unexpected outcomes during drought, and 
variations in the severity and length of drought events may result in impacts that differ 
even within the same ecological system and management domain (Wilhite, 2000). All of 
these factors complicate the assessment of range managers’ adaptive capacity for drought 
management. In this paper, relationships among the characteristics of the socio-ecological 
system, the severity of the drought, the management or response actions taken during the 
drought, and the resulting impacts to forage feed capacity, rangeland health, animal 
productivity, and financial health are explored.  The analysis informs recommendations 
for improving rangeland managers’ preparedness for future drought events.  
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Theoretical Framework 
The investigation is framed using the Chapin et al. (2009) conceptual framework, 
which links resilience and vulnerability as complementary theoretical approaches to 
understanding change. In the model, interactions between socio-ecological systems’ 
resources and management define what happens when an external driver (e.g., drought) 
affects a system. The model draws direct paths of influence between the socio-ecological 
system, its sensitivity to harm, impacts, and the learning, coping, or adaptive processes 
that emerge as a result of impacts (Figure 1).  
The Chapin et al. (2009) model depicts coping actions as taking place in response 
to impacts (potential or realized) and as shaped by characteristics of the system’s 
management and resources. Potential impacts are shown as a result of the hazard event 
and the sensitivity of the operation (which is also shaped by characteristics of 
management and resources). The model predicts that the interactions of resources and 
management as described above can lead not only to heterogeneous impacts, but also 
heterogeneous drought management decisions and strategies, under similar drought event 
experiences. The model does not, however, differentiate between the drivers of proactive 
and reactive management responses, though this is an important distinction for effective 
drought management. This study provides empirical evidence of the relationships 
between drought severity, characteristics of the system, different types of response 
actions, and realized impacts of drought. The research questions addressed in this chapter 
include: 
1. What predicts drought response actions taken? Do rangeland managers 
respond similarly to drought severity? If not, which characteristics of 
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managers’ social-ecological systems (as sources of adaptive capacity) explain 
heterogeneous drought response actions?  
2. What is the nature of the relationship between the actions taken and the 
drought impacts experienced, controlling for drought severity?  
Methods 
Study Region and Context 
This study focuses on range-based livestock producers in western and central 
South Dakota and Nebraska.  The study area is part of the U.S. Northern Great Plains 
region, dominated by grasslands, row crops, and small grains agriculture. The area is 
semiarid, with average annual precipitation ranging from 381 to 610 mm (USDA NRCS, 
2006). The study focuses on the extreme drought event beginning in 2012 and lasting 
through 2013 for some parts of the region. The summer of 2012 was the third warmest on 
record at the time for the continental United States (NOAA-NCEI, 2016) and the driest 
on record for portions of Nebraska and South Dakota, with significant spatial variability 
in the severity and length of the drought experienced. Rangeland managers across 
Nebraska and South Dakota experienced different drought severities and lengths. 
Generally, the drought lasted longer and was more extreme in Nebraska and less so in 
South Dakota, providing an opportunity to examine managers’ experiences under 
differing drought scenarios. 
Assessment of rangeland managers’ actions and the effects of the drought on their 
rangeland and livestock operations was done via a survey in fall of 2014. The sampling 
unit for the survey was individual producers who were identified as the operation’s 
primary decision maker, excluding grazing associations, with at least 40 ha of permanent 
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pasture and/or rangeland and at least 25 head of cattle. A systematic probability-based 
sample was drawn from a sorted list of counties found in the western two-thirds of South 
Dakota and Nebraska, and then from a distribution of ranch sizes, to ensure geographic 
and size representation. The study area is outlined in Figure 1. The sample included five 
hundred operations in South Dakota and five hundred operations in Nebraska, with the 
goal of obtaining a sample of approximately 400 total responses. This number was 
determined to be adequate for rejecting or failing to reject each null hypothesis with a 5% 
chance of Type I error and 20% change of Type II error based on a small-to-medium 
effect size. 
 
Figure 5 Study area outlined. U.S. Northern Great Plains region. U.S. Drought Monitor 
Status (July 24, 2012) indicates drought severity. See http://droughtmonitor.unl.edu for 
details. 
The survey was administered by the USDA-National Agriculture Statistics 
Service (NASS) regional office based in Lincoln, Nebraska. The survey was administered 
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once by mail in October 2014, and follow-up phone calls were made in early November 
2014 to non-responders. Respondents returned 421 complete and partial (more than 50% 
of questions answered) questionnaires, and 46 contacted respondents were not eligible 
(no rangeland or out of business), producing a response rate #2 of 44% (The American 
Association for Public Opinion Research, 2011). The survey sample included individuals 
who had participated in the 2012 NASS Census, enabling researchers to match records 
and to include NASS Census variables describing the operations and managers in the 
study. However, only 281 of the respondents had pasture acres (hectares) or percent of 
income from farm/ranch operation on record with NASS, resulting in smaller sample 
sizes for analyses that include these variables.  
The survey instrument was developed by a team of scientists with expertise in the 
areas of rangeland ecology, ranch management and economics, sociology, and drought 
mitigation. The questions covered the 2012 to 2014 period and included items about 
ranch operations and resources, drought harm to resources, and drought management 
actions taken during the period. Drafts of the questionnaires were pretested with 
rangeland managers who attempted to answer the questions and provided written and 
verbal feedback on question wording and answer categories. Their feedback was 
incorporated into the final questionnaires. Variables used in the analysis are described 
below. Independent variables and question wording are listed in Table 2. The survey 
instrument can be found as Appendix A. 
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Table 2 Independent variables included in analyses, with question wording and answer 
categories 
Variable Question Wording 
Pasture hectares 
(2012 Census) 
= total number of hectares of permanent pasture, range, woodland, 
and cropland used for pasture 
Percent of income from 
operation 
(2012 Census) 
In 2012, what percent of the principal operator’s total household 
income came from this operation? (0-100%) 
Enterprise 
 
How would you describe your cattle operation? (select all that apply)  
 Cow/calf  
 Stocker/feeder  
 Hay/forage production to sell  
 Custom grazing   
 Feedlot  
 Registered seed stock  
Ecological description of 
pastures/range 
 
How would you describe the majority of your pastures or rangeland? 
(check one) 
 Native tall grass  
 Native mixed grass  
 Native short grass  
 Mixture of native and introduced grasses  
Access to irrigation  
 
Do you manage any irrigated crop/hay land or sub-irrigated 
meadows? 
Feed resources 
 
Grazing operations vary in their range and winter feed base.  What 
type of feed base do you have? (select all that apply)  
 Range/pasture and hay land  
 Corn stalks/crop residue  
 Range/pasture, no hay land  
 Purchased hay  
 Purchased feed/dry lot  
 Cover crops 
Reserve forage capacity  
 
In a non-drought year, do you normally use all of your forage feed 
capacity (pasture, hay, crop residue, etc.), or do you keep some in 
reserve?  (check one)  
 I tend to use all of my forage capacity 
 I tend to keep some of my forage capacity in reserve 
 “I don’t know” and “Not applicable” were excluded from 
analysis 
Grazing system  
 
Please tell us whether you currently use the following practices:  
 Season-long continuous – 32% 
 Intensive early stocking – 19%  
 Rest rotation – 58% 
 Deferred rotation – 22% 
 Intensively managed – 15% 
Use of Pasture, Rangeland, 
Forage Insurance (PRF) 
Did you participate in the PRF program between 2012 and 2014? 
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Measures of Independent Variables 
The analysis incorporated survey-based measurements of socio-ecological 
characteristics that have been highlighted in prior research as affecting drought response 
and impacts, including feed and financial resources and management flexibility (Bastian 
et al., 2006; Dunn et al., 2005; Haigh & Knutson, 2013; Kachergis et al., 2014; Knutson 
& Haigh, 2013; Thurow & Taylor, 1999; Wilhelmi & Wilhite, 2002). Indicators of feed 
resources include number of hectares managed in permanent pasture and rangeland, 
woodland pasture and other pasture and grazing land, ecological composition of 
rangeland, type of feed base, irrigation availability, and reserve forage capacity. Physical 
resource indicators include the operation’s enterprise mix and use of rotation grazing.  
Indicators of financial resources include the percent of principal operator’s total 
household income from agricultural operation, and use of the Pasture, Rangeland, and 
Forage (PRF) Insurance Program.  
  As described in Chapter 3, the Standardized Precipitation Evapotranspiration 
Index (SPEI) was used as a measure of local drought severity experienced by respondents 
in 2012. Historical drought data were downloaded from the National Drought Mitigation 
Center’s Drought Risk Atlas (NDMC, 2017), a station-based atlas of drought indices, and 
interpolated using inverse distance weighting to compute county-level weighted averages.  
To compare the levels of drought severity experienced by range managers, monthly SPEI 
values between April and September of each year were aggregated and the median value 
was used as a measure of central tendency. Therefore, the values do not represent the 
most extreme drought months, but rather the median drought severity for the year.  
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Measures of Dependent Variables 
 The analysis included four survey-based measures of drought impacts: rangeland 
health impact, animal production impact, cash flow impact, and impact to the value of the 
ranch operation. Impacts were measured on a self-reported ordinal scale with options 
including extremely harmful (5), moderately harmful (4), slightly harmful (3), no effect 
(2) and beneficial (1). Taking protective action was indicated using a pre-selected list of 
possible drought management actions, including:  purchasing supplemental hay/feed, 
supplemental feeding of own reserves, grazing pastures earlier than usual, grazing cover 
crops or residues, moving animals to feedlot, sending custom grazed animals home early, 
leasing or purchasing additional grazing land, early weaning, selling culls earlier than 
usual, reducing stockers (<25%, > 25%), and reducing breeding animals (<25%, >25%). 
Each action was coded as 1 = “yes, took that action that year during the drought” or 0 = 
“no, did not take that action that year.” 
Statistical Analysis 
Independent variables were examined for collinearity using the Spearman rank 
(rho) test, a nonparametric measure of rank correlation commonly used with nominal and 
ordinal data as well as data that do not follow normal distribution patterns. Logistic 
regression analysis was used for the binary categorical outcomes and ordered logistic 
regression analysis was used for the ordinal outcome variables to test the probability that 
an individual belongs in one group rather than another (Hosmer et al., 2000). In the 
analysis, the partial and full models with parameters were compared to the null model 
using the likelihood ratio chi square (χ2) statistic, and the associated p-value. Each model 
was compared to other potential models predicting the same dependent variable, using 
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the Akaike information criterion (AIC), with the smallest values indicating best model fit, 
and with a suite of models with an AIC difference of less than 2 considered the best-
fitting models available. McFadden’s pseudo R2 is commonly reported for logistic 
regression. McFadden’s R2 can be interpreted similarly to traditional R2 measured with 
Ordinary Least Squares Regression, but McFadden’s R2 values will be considerably 
lower than traditional R2, with values of 0.20 indicating excellent fit (McFadden, 1974). 
Significance was determined with a 95% confidence level or an alpha = 0.05 (but also 
reported at alpha = 0.10). Stata v. 11 was used for all descriptive and inferential statistical 
analysis (StataCorp, 2009). Missing data was treated using casewise deletion.  
Results and Discussion 
Description of Respondents/Operations 
 At the time of the survey, the average age of respondents was 60 years, similar to 
the national average of 58 years (USDA NASS, 2012). A little over half of the 
respondents described their rangelands as primarily native mixed grass and the rest 
reported mostly a mixture of native and introduced grasses or native shortgrass. Survey 
respondents operated cattle grazing operations with an average of 349 owned cattle, with 
a range of 0 to over 7,500.  Almost all (90%) of the surveyed operations included cow-
calf enterprises, but many other types of operations were represented as secondary or 
primary enterprises.  Forty percent of respondents said they raised stockers or feeder 
cattle, 16% raised hay or forage to sell, 13% provided custom grazing with cattle they did 
not own, 9% had feedlot operations, and 6% raised registered seed stock breeding 
operations. Overall, the most common resources in respondents’ feed base included 
range/pasture and hay land, corn stalks or other crop residue, and/or purchased feed or 
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dry lot, though there were differences among the types of operations. Rest rotation 
grazing was the most common grazing system used, followed by season-long continuous 
grazing, deferred rotation grazing, intensive early stocking, and intensively managed 
grazing. Descriptive statistics are listed in Table 3 and correlations among independent 
variables are listed in Table 4.  
Table 3 Independent variable descriptive statistics 
Variable Descriptive Statistics n 
Pasture hectares Mean = 1,046 ha (sd 1,285) (range 0 – 7,824 ha) 284 
Percent of income from operation Mean = 62% (sd 36%) (range 0 – 100%) 367 
Enterprise 
 
 Cow/calf – 94% 
 Stocker/feeder – 40% 
 Hay/forage production to sell - 16% 
 Custom grazing – 13% 
 Feedlot – 9% 
 Registered seed stock – 6% 
 417 
Ecological description of 
pastures/range 
 
 Native tall grass - 8% 
 Native mixed grass - 57% 
 Native short grass - 14% 
 Mixture of native and introduced grasses - 20% 
 407 
Access to irrigation  36% yes 416 
Feed resources 
 
 Range/pasture and hay land – 79% 
 Corn stalks/crop residue – 54% 
 Range/pasture, no hay land – 23% 
 Purchased hay - 41% 
 Purchased feed/dry lot – 36% 
 Cover crops – 18% 
 414 
Reserve forage capacity  
 
 I tend to use all of my forage capacity – 15% 
 I tend to keep some of my forage capacity in reserve – 
80% 
 I don’t know – 2%       (excluded from 
 Not applicable – 3%         analysis) 
 407 
Grazing system  
 
 Season-long continuous – 32% 
 Intensive early stocking – 19%  
 Rest rotation – 58% 
 Deferred rotation – 22% 
 Intensively managed – 15% 
 401 
396 
400 
397 
396  
Use of Pasture, Rangeland, 
Forage Insurance (PRF) 
32% yes 395 
 
  
5
4 
Table 4 Spearman rank correlations among independent variables, pairwise, n varies dependent upon variable n  
 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
1 0.17* 0.14* 0.10 0.00 -0.02 -0.01 -0.03 0.05 0.04 -0.08 0.11 -0.04 0.09 -0.16* -0.05 0.00 -0.04 0.05 -0.13* 0.03 0.13* 0.15* 0.04 0.20* 0.06 
2 1.00 0.00 0.02 -0.02 0.04 -0.06 -0.02 -0.09 0.02 0.11 0.21* -0.12* 0.16* 0.08 0.07 -0.08 0.14* 0.08 -0.07 0.11* -0.01 -0.01 -0.02 0.00 0.07 
3  1.00 0.08 -0.07 -0.04 0.02 0.04 0.01 0.01 -0.05 0.09 -0.09 0.06 -0.02 0.11* 0.09 0.09 0.01 0.12 0.03 -0.09 0.09 -0.02 -0.07 0.00 
4   1.00 -0.02 0.21* 0.03 0.00 0.03 -0.05 0.01 0.03 -0.09 0.10* -0.05 0.01 0.02 -0.02 0.02 0.03 0.00 0.03 0.06 0.00 0.02 0.03 
5    1.00 0.03 0.10 -0.01 -0.01 0.01 0.00 0.01 0.05 -0.02 -0.20* -0.07 -0.03 -0.14* 0.01 -0.10 0.16 0.06 -0.02 0.05 0.03 -0.05 
6     1.00 -0.02 -0.06 0.02 0.08 -0.05 0.11* -0.02 0.05 0.16* 0.13* -0.02 0.14* 0.05 0.00 0.06 0.04 0.01 0.06 -0.04 -0.06 
7      1.00 -0.03 0.00 0.00 0.03 0.07 -0.16* 0.15* 0.02 -0.09 -0.22* -0.09 0.01 0.05 0.02 -0.02 0.02 0.07 -0.09 0.04 
8       1.00 -0.34* -0.12* -0.15* -0.06 -0.03 0.05 -0.05 -0.05 0.05 0.04 -0.08 0.03 0.02 0.02 0.04 0.01 -0.02 0.00 
9        1.00 -0.47* -0.59* 0.10* 0.06 -0.03 0.00 0.03 -0.03 -0.01 0.01 -0.11* -0.03 0.03 -0.01 -0.01 -0.03 -0.21* 
10         1.00 -0.21* -0.05 0.08 -0.08 -0.01 -0.02 0.10 0.02 0.02 0.06 -0.11* -0.06 -0.11* -0.07 -0.04 0.10 
11          1.00 -0.04 -0.12* 0.08 0.05 0.01 -0.08 -0.03 0.03 0.07 0.12* 0.00 0.07 0.07 0.08 0.17* 
12           1.00 -0.05 0.06 0.24* 0.24* -0.05 -0.02 -0.03 -0.03 0.07 -0.03 0.09 0.05 0.01 -0.33* 
13            1.00 -0.79* 0.02 -0.03 0.24* 0.09 -0.13* -0.01 0.01 -0.01 -0.01 0.03 -0.10 -0.16* 
14             1.00 -0.07 0.03 -0.19* 0.04 0.11* -0.03 0.06 0.05 0.05 0.01 0.08 0.18* 
15              1.00 0.29* 0.13* 0.08 0.03 0.15* -0.09 -0.04 0.00 -0.02 0.00 -0.12* 
16               1.00 0.09 0.09 -0.11* 0.01 0.03 0.01 0.06 0.03 -0.04 -0.08 
17                1.00 0.26* -0.17* 0.11* -0.05 0.05 0.02 -0.11* 0.00 -0.13* 
18                 1.00 -0.02 0.01 0.04 0.02 -0.03 -0.02 0.01 0.02 
19                  1.00 -0.08 0.02 -0.04 0.07 0.00 0.08 0.05 
20                   1.00 -0.06 -0.22* -0.14* -0.09 -0.09 0.02 
21                    1.00 0.15* 0.12* 0.21* -0.02 -0.02 
22                     1.00 0.00 -0.07 0.03 0.04 
23                      1.00 0.08 0.13* -0.01 
24                       1.00 0.00 -0.04 
25                        1.00 0.09 
55 
 
 
* Correlation significant at p < 0.05 
1 Number of acres of permanent pasture and range, woodland pasture, and cropland used for pasture 
2 Percent of household income from operation 
3 Raises registered seed stock 
4 Raises stockers/feeder calves 
5 Custom grazes (cattle run on ranch but not owned) 
6 Has feedlot 
7 Hay/forage production to sell 
8 Majority of pastures/rangeland native tall grass 
9 Majority of pastures/rangeland native mixed grass 
10 Majority of pastures/rangeland native short grass 
11 Majority of pastures/rangeland mix of native/introduced grasses 
12 Manages irrigated crop/hay land or sub-irrigated meadows 
13 Feed base includes range/pasture, no hay land 
14 Feed base includes range/pasture and hay land 
15 Feed base includes corn stalks or other crop residue 
16 Feed base includes cover crops 
17 Feed base includes purchased hay 
18 Feed base includes purchased feed/dry lot 
19 Typically keeps forage in reserve in non-drought years 
20 Currently uses season-long continuous grazing 
21 Currently uses intensive early stocking 
22 Currently uses deferred rotation grazing 
23 Currently uses rest rotation grazing 
24 Currently uses intensively managed rotation grazing 
25 Pasture, Range, and Forage Insurance between 2012 and 2014 
26 Median SPEI value for 2012 (reverse) 
 
Predictors of Drought Response 
Range managers reported taking a wide variety of actions in response to drought 
in 2012, and some actions were more widespread than others (Table 5). Many actions 
(i.e., feeding hay from own stockpiles, sending custom grazed animals home, leasing 
additional land, reducing stocker/yearling numbers, reducing breeding herd by less than 
25%) were uncorrelated with drought severity in 2012, while others (buying 
supplemental hay/feed, early grazing fall/winter pastures, grazing alternative crops, 
moving animals to feedlot, early weaning, selling culls or feeder animals, and reducing 
breeding herd by more than 25%) were more likely to be taken at more severe levels of 
drought.  
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Table 5 Proportion of respondents who took each management action due to drought in 
2012 
Management Actions During Drought 2012 
Bought hay or feed to supplement (n=415) 64% 
Fed hay from own stockpiles (n=414) 86% 
Grazed fall or winter pastures earlier than planned (n=413) 51% 
Grazed cover crop, crop residues, or alternative forage (n=412) 54% 
Moved animals to feedlot (n=413) 16% 
Sent custom grazed animals home early (n=407) 13% 
Leased/rented/purchased additional land to graze (n=412) 20% 
Weaned calves earlier than usual (n=393) 55% 
Sold cull cows or feeder animals earlier than usual (n=391) 63% 
Reduced breeding animal numbers (by 25% or less) (n=379) 48% 
Reduced breeding animal numbers (by more than 25%) (n=357) 20% 
Reduced stocker/yearling numbers (by 25% or less) (n=329) 18% 
Reduced stocker/yearling numbers (by more than 25%) (n=319) 14% 
 
Tables 6-18 list the nested and full models for each drought management action 
taken in 2012. Drought severity and adaptive capacity did not significantly improve 
prediction of whether or not managers early grazed fall/winter pastures, 
leased/rented/purchased additional land to graze, or reduced stockers by less than 24% 
over the null (random) model. Only drought severity (Coeff. = -1.44, p = 0.00) 
contributed to improving the prediction of whether or not a manager reduced their 
breeding herd by more than 25%, compared to the null model.   
All other actions were predicted in part by characteristics of the operations’ 
resources and management. Their resources appear to indicate adaptive capacity where 
they enabled the manager to take a particular action. For example, those who raise hay in 
addition to grazing range or pasture (Coeff. = 2.34, p=0.00), feeding crop residues (Coeff. 
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= 1.71, p = 0.04), or having irrigation (Coeff. = 2.89, p = 0.02) were more likely than 
those who did none of these things to be able to feed from their own hay reserves during 
the drought. But in other instances, the operations’ resources included in this analysis 
appear to indicate sources of operational sensitivity rather than adaptive capacity, the 
existence of which changes the need for a manager to take a particular action. For 
example, those with primarily shortgrass range (versus mixed grass, which was the 
reference category) (Coeff. = 1.63, p = 0.03) and those who relied on purchased hay in 
the feed base (Coeff. = 1.28, p = 0.03) were more likely than others to have to destock 
stocker animals by more than 25%. Use of Pasture, Range, and Forage (PRF) insurance 
provides financial resources during drought, and is associated with a greater likelihood of 
early weaning (Coeff. = 1.05, p = 0.00), selling culls/feeders earlier than usual (Coeff. = 
1.02, p = 0.01), and reducing stockers/yearlings by more than 25% (Coeff. = 1.41, p = 
0.00). 
Management strategies, such as use of rotational grazing and the types of 
enterprises that make up the operation, contribute to the prediction of five drought 
management actions. For example, running a feedlot operation (Coeff. = 2.27, p = 0.00) 
is the strongest predictor of moving animals to a feedlot in 2012, and running a custom 
grazing operation (Coeff. = 1.97, p = 0.00) is the strongest predictor of sending custom 
grazed animals home early in 2012. Both running a feedlot operation (coeff. = -2.44, p = 
0.02) and use of rest rotation grazing (Coeff. = -2.19, p = 0.01) predict less likelihood of 
feeding stockpiled hay in 2012, and use of deferred rotation grazing (Coeff. = 1.63, p = 
0.03) contributes to prediction of greater likelihood of reducing stocker/yearling numbers 
by more than 25%.  
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Table 6 Logistic Regression Model Prediction of Purchasing Supplemental Hay/Feed in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity -0.88 0.31 0.00 
 
-1.30 0.44 0.00 
 
-1.05 0.33 0.00 
 
-0.88 0.31 0.01 
 
-1.53 0.48 0.00 
Range/pasture/hay 
    
0.30 0.48 0.53 
         
0.57 0.52 0.27 
Feed crop residues 
    
-0.18 0.37 0.63 
         
-0.02 0.41 0.97 
Feed cover crops 
    
-0.82 0.47 0.08 
         
-0.89 0.51 0.08 
Feed purchased hay 
    
2.36 0.42 0.00 
         
2.56 0.46 0.00 
Feed purchased feed/dry lot 
    
0.50 0.37 0.18 
         
0.49 0.42 0.25 
Reserve forage 
    
-0.92 0.56 0.10 
         
-1.13 0.60 0.06 
Range hectares 
    
0.15 0.15 0.30 
         
0.14 0.17 0.39 
Tall grass 
    
-0.95 0.68 0.16 
         
-1.09 0.73 0.13 
Short grass 
    
-0.09 0.51 0.86 
         
0.13 0.56 0.82 
Nat./introduced grass 
    
0.08 0.43 0.85 
         
0.23 0.46 0.62 
Irrigation 
    
-0.20 0.42 0.63 
         
-0.14 0.46 0.75 
Intensive early stocking 
        
-0.29 0.42 0.49 
     
-0.33 0.50 0.51 
Deferred rotation 
        
0.36 0.31 0.24 
     
0.42 0.38 0.27 
Rest rotation 
        
0.46 0.38 0.22 
     
0.61 0.48 0.20 
Man. intensive rotation 
        
-0.78 0.39 0.05 
     
-0.63 0.47 0.18 
Registered seed stock operation 
        
0.96 0.72 0.18 
     
0.95 0.83 0.25 
Stockers/feeders operation 
        
-0.68 0.32 0.03 
     
-1.21 0.40 0.00 
Custom grazing operation 
        
0.30 0.53 0.57 
     
0.45 0.64 0.48 
Feedlot operation 
        
-0.14 0.52 0.80 
     
-0.22 0.72 0.76 
PRF Insurance 
            
-0.04 0.30 0.89 
 
-0.31 0.39 0.44 
Percent income from operation 
            
0.00 0.00 0.97 
 
0.00 0.01 0.81  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model stats 218 8.30* 0.03 
 
218 68.6* 0.24 
 
218 22.73* 0.08 
 
218 8.32* 0.04 
 
218 85.42* 0.30 
AIC 282.29 
   
243.99 
   
283.87 
   
286.27 
   
247.18 
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Table 7 Logistic Regression Model Prediction of Feeding Stockpiled Hay in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity -0.42 0.47 0.37 
 
-0.24 0.65 0.71 
 
-0.71 0.51 0.16 
 
-0.51 0.50 0.31 
 
-0.40 0.85 0.64 
Range/pasture/hay 
    
1.75 0.57 0.00 
         
2.34 0.78 0.00 
Feed crop residues 
    
1.39 0.60 0.02 
         
1.71 0.82 0.04 
Feed cover crops 
    
0.60 0.84 0.48 
         
0.33 1.05 0.76 
Feed purchased hay 
    
-1.54 0.59 0.01 
         
-1.14 0.68 0.10 
Feed purchased/dry lot 
    
-0.05 0.52 0.93 
         
-0.01 0.71 0.98 
Reserve forage 
    
0.43 0.65 0.51 
         
1.07 0.84 0.20 
Range hectares 
    
0.00 0.23 0.99 
         
-0.02 0.30 0.94 
Tall grass dominant 
    
-0.39 0.93 0.68 
         
-0.71 1.16 0.54 
Short grass dominant 
    
-0.42 0.64 0.51 
         
-0.56 0.77 0.47 
Native/introduced grass  
   
-0.29 0.72 0.69 
         
-0.92 0.86 0.28 
Irrigation 
    
1.27 0.84 0.13 
         
2.89 1.26 0.02 
Graze intensive early  
        
0.92 0.76 0.23 
     
0.70 0.95 0.46 
Graze deferred rot. 
        
-0.22 0.47 0.65 
     
-0.37 0.67 0.59 
Graze rest rotation 
        
-1.27 0.50 0.01 
     
-2.19 0.81 0.01 
Graze intensive rot. 
        
1.05 0.81 0.20 
     
2.62 1.36 0.06 
Reg. seed stock operation 
       
0.00 (omitted) 
     
0.00 (omitted) 
Stocker/feeder op. 
        
-0.01 0.48 0.98 
     
-0.59 0.64 0.36 
Custom grazing op. 
        
-1.41 0.71 0.05 
     
-1.80 1.18 0.13 
Feedlot op. 
        
-1.04 0.68 0.12 
     
-2.44 1.08 0.02 
PRF Insurance 
            
-0.56 0.45 0.21 
 
-0.12 0.71 0.87 
Percent income from op. 
           
0.02 0.01 0.01 
 
0.02 0.01 0.06  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 217 0.80 0.01 
 
217 40.54* 0.27 
 
205 13.63 0.09 
 
217 8.58* 0.06 
 
205 65.28* 0.44 
AIC 154.13 
   
136.39 
   
152.40 
   
150.35 
   
126.75 
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Table 8 Logistic Regression Model Prediction of Grazing Fall/Winter Pastures Early in 2012 
Early graze Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z                     
Drought Severity -0.44 0.29 0.14 
 
-0.57 0.37 0.12 
 
-0.50 0.31 0.11 
 
-0.50 0.30 0.09 
 
-0.70 0.39 0.07 
Range/pasture/hay 
   
0.22 0.38 0.56 
         
0.30 0.40 0.45 
Feed crop residues 
   
-0.42 0.32 0.19 
         
-0.42 0.35 0.22 
Feed cover crops 
   
-0.12 0.39 0.75 
         
-0.18 0.40 0.66 
Feed purchased hay 
  
-0.22 0.32 0.49 
         
-0.11 0.34 0.74 
Feed purchased feed/dry lot 
  
0.16 0.30 0.59 
         
0.12 0.33 0.73 
Reserve forage 
   
0.12 0.40 0.76 
         
0.23 0.42 0.58 
Range hectares 
   
0.26 0.13 0.04 
         
0.24 0.14 0.08 
Tall grass dominant 
   
0.98 0.59 0.10 
         
0.89 0.62 0.15 
Short grass dominant 
  
0.07 0.41 0.86 
         
0.19 0.44 0.67 
Native/introduced grass dominant 
 
-0.03 0.37 0.93 
         
-0.18 0.40 0.66 
Irrigation 
    
0.33 0.35 0.35 
         
0.36 0.38 0.34 
Graze intensive early stocking 
     
1.12 0.42 0.01 
     
1.19 0.45 0.01 
Graze deferred rotation 
      
0.42 0.29 0.15 
     
0.33 0.31 0.27 
Graze rest rotation 
       
-0.11 0.35 0.76 
     
-0.37 0.39 0.34 
Graze intensive rotation 
      
0.20 0.38 0.61 
     
0.16 0.41 0.69 
Registered seed stock operation 
     
0.30 0.61 0.62 
     
0.02 0.66 0.98 
Stockers/feeders operation 
      
-0.18 0.30 0.54 
     
-0.21 0.32 0.50 
Custom grazing operation 
      
-0.12 0.51 0.81 
     
-0.60 0.57 0.29 
Feedlot operation 
       
-0.35 0.50 0.49 
     
-0.43 0.57 0.45 
PRF Insurance 
           
0.19 0.29 0.52 
 
0.17 0.33 0.61 
Percent income from operation 
         
0.01 0.00 0.11 
 
0.00 0.00 0.36  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 218 2.22 0.01 
 
218 16.69 0.06 
 
218 16.27 0.05 
 
218 5.36 0.02 
 
218 30.53 0.10 
AIC 303.97 
   
311.50 
   
305.93 
   
304.84 
   
317.66 
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Table 9 Logistic Regression Model Prediction of Grazing Cover Crops, Residues, Alternative Forages in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity -1.05 0.31 0.00 
 
-0.21 0.43 0.63 
 
-1.07 0.32 0.00 
 
-1.06 0.31 0.00 
 
-0.05 0.46 0.91 
Range/pasture/hay 
    
-0.21 0.50 0.67 
         
-0.33 0.52 0.52 
Feed crop residues 
    
2.24 0.40 0.00 
         
2.52 0.45 0.00 
Feed cover crops 
    
2.67 0.70 0.00 
         
3.15 0.78 0.00 
Feed purchased hay 
    
-0.23 0.40 0.56 
         
-0.41 0.43 0.34 
Feed purchased feed/dry lot 
    
-0.48 0.39 0.22 
         
-0.42 0.42 0.32 
Reserve forage 
    
-1.64 0.55 0.00 
         
-1.84 0.59 0.00 
Range hectares 
    
0.03 0.16 0.84 
         
0.05 0.17 0.78 
Tall grass dominant 
    
0.03 0.68 0.97 
         
0.25 0.72 0.73 
Short grass dominant 
    
-0.21 0.50 0.68 
         
-0.27 0.51 0.60 
Native/introduced grass dominant 
    
-0.80 0.49 0.10 
         
-0.90 0.54 0.10 
Irrigation 
    
0.37 0.43 0.38 
         
0.40 0.46 0.38 
Graze intensive early stocking 
        
-0.33 0.40 0.42 
     
-0.40 0.53 0.45 
Graze deferred rotation 
        
0.14 0.30 0.63 
     
0.00 0.38 0.99 
Graze rest rotation 
        
-0.04 0.35 0.92 
     
0.35 0.50 0.48 
Graze intensive rotation 
        
-0.19 0.39 0.62 
     
-0.39 0.51 0.45 
Registered seed stock operation 
        
-0.56 0.62 0.37 
     
-1.92 1.05 0.07 
Stockers/feeders operation 
        
0.44 0.30 0.14 
     
0.47 0.40 0.24 
Custom grazing operation 
        
-0.43 0.51 0.40 
     
1.17 0.67 0.08 
Feedlot operation 
        
0.32 0.52 0.54 
     
-0.08 0.66 0.91 
PRF Insurance 
            
0.02 0.30 0.95 
 
-0.14 0.43 0.75 
Percent income from operation 
            
0.00 0.00 0.73 
 
0.00 0.01 0.80  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 215 12.16* 0.04 
 
215 97.79* 0.33 
 
215 18.65* 0.06 
 
215 12.29* 0.04 
 
215 107.01* 0.36 
AIC 289.10 
   
225.48 
   
298.62 
   
292.97 
   
236.26 
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Table 10 Logistic Regression Model Prediction of Moving Animals to Feedlot in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z                     
Drought Severity -1.31 0.43 0.00 
 
-1.12 0.53 0.04 
 
-1.39 0.48 0.00 
 
-1.25 0.43 0.00 
 
-1.37 0.63 0.03 
Range/pasture/hay 
    
-0.30 0.49 0.55 
         
-0.81 0.55 0.14 
Feed crop residues 
    
0.42 0.45 0.36 
         
0.41 0.52 0.43 
Feed cover crops 
    
0.07 0.49 0.89 
         
-0.34 0.58 0.56 
Feed purchased hay 
    
0.95 0.42 0.02 
         
1.22 0.50 0.02 
Feed purchased feed/dry lot 
    
0.42 0.40 0.30 
         
0.10 0.48 0.83 
Reserve forage 
    
1.80 0.69 0.01 
         
1.99 0.79 0.01 
Range hectares 
    
0.25 0.17 0.15 
         
0.27 0.22 0.21 
Tall grass dominant 
    
0.53 0.70 0.45 
         
0.40 0.75 0.59 
Short grass dominant 
    
0.08 0.55 0.89 
         
-0.44 0.66 0.50 
Native/introduced grass dominant 
    
-0.49 0.58 0.40 
         
-0.44 0.67 0.51 
Irrigation 
    
0.43 0.47 0.36 
         
-0.14 0.57 0.81 
Graze intensive early stocking 
        
-0.36 0.57 0.53 
     
-0.26 0.62 0.68 
Graze deferred rotation 
        
0.57 0.43 0.18 
     
0.39 0.47 0.40 
Graze rest rotation 
        
0.56 0.46 0.22 
     
0.63 0.54 0.25 
Graze intensive rotation 
        
0.72 0.50 0.15 
     
1.19 0.56 0.04 
Registered seed stock operation 
        
1.21 0.71 0.09 
     
1.16 0.85 0.18 
Stockers/feeders operation 
        
0.28 0.42 0.50 
     
0.27 0.47 0.57 
Custom grazing operation 
        
-0.18 0.70 0.80 
     
-0.09 0.80 0.91 
Feedlot operation 
        
2.27 0.56 0.00 
     
2.60 0.67 0.00 
PRF Insurance 
            
-0.42 0.41 0.31 
 
-0.39 0.52 0.45 
Percent income from operation 
            
0.00 0.00 0.82 
 
0.00 0.01 0.95  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 217 10.57* 0.05 
 
217 31.16* 0.15 
 
217 39.24* 0.19 
 
217 11.72* 0.06 
 
217 58.72* 0.28 
AIC 200.84 
   
202.25 
   
188.17 
   
203.69 
   
194.69 
  
 
 
 
6
3 
6
3 
Table 11 Logistic Regression Model Prediction of Sending Custom Grazed Animals Home Early in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z                     
Drought Severity -0.89 0.51 0.08 
 
-0.99 0.60 0.10 
 
-0.76 0.57 0.19 
 
-0.94 0.53 0.07 
 
-0.52 0.70 0.45 
Range/pasture/hay 
    
-0.36 0.57 0.52 
         
-0.26 0.64 0.69 
Feed crop residues 
    
-0.40 0.52 0.44 
         
0.51 0.65 0.43 
Feed cover crops 
    
-0.43 0.69 0.53 
         
-0.59 0.83 0.48 
Feed purchased hay 
    
0.58 0.51 0.25 
         
0.91 0.62 0.14 
Feed purchased feed/dry lot 
    
-0.61 0.51 0.23 
         
-0.12 0.60 0.84 
Reserve forage 
    
0.16 0.63 0.80 
         
0.26 0.71 0.72 
Range hectares 
    
-0.05 0.20 0.80 
         
-0.17 0.25 0.50 
Tall grass dominant 
    
0.47 0.75 0.53 
         
0.65 0.87 0.46 
Short grass dominant 
    
-0.03 0.65 0.97 
         
-0.06 0.75 0.94 
Native/introduced grass dominant 
    
-0.38 0.69 0.58 
         
-0.55 0.79 0.49 
Irrigation 
    
-0.13 0.56 0.82 
         
-0.41 0.68 0.54 
Graze intensive early stocking 
        
0.89 0.55 0.11 
     
0.94 0.59 0.11 
Graze deferred rotation 
        
-0.50 0.50 0.32 
     
-0.49 0.55 0.37 
Graze rest rotation 
        
0.01 0.60 0.99 
     
0.13 0.68 0.85 
Graze intensive rotation 
        
0.27 0.57 0.64 
     
0.67 0.65 0.30 
Registered seed stock operation 
        
0.00 (omitted) 
     
0.00 (omitted) 
Stockers/feeders operation 
        
-0.29 0.53 0.59 
     
-0.36 0.58 0.53 
Custom grazing operation 
        
1.97 0.57 0.00 
     
2.41 0.75 0.00 
Feedlot operation 
        
-0.36 0.94 0.70 
     
-0.16 1.02 0.88 
PRF Insurance 
            
0.32 0.46 0.48 
 
0.24 0.59 0.68 
Percent income from operation 
            
0.00 0.01 0.96 
 
0.00 0.01 0.95  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 215 3.21 0.02 
 
215 8.88 0.06 
 
202 22.06* 0.15 
 
215 3.69 0.03 
 
202 29.29 0.20 
AIC 147.06 
   
163.38 
   
139.16 
   
150.58 
   
157.93 
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Table 12 Logistic Regression Model Prediction of Leasing, Renting, or Purchasing Additional Land to Graze in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity 0.04 0.37 0.92 
 
-0.22 0.46 0.64 
 
0.00 0.39 1.00 
 
-0.06 0.39 0.87 
 
-0.55 0.51 0.29 
Range/pasture/hay 
    
0.63 0.54 0.24 
         
0.60 0.58 0.30 
Feed crop residues 
    
0.06 0.39 0.87 
         
0.01 0.42 0.99 
Feed cover crops 
    
0.21 0.48 0.66 
         
0.03 0.50 0.96 
Feed purchased hay 
    
0.14 0.39 0.72 
         
0.15 0.43 0.73 
Feed purchased feed/dry lot 
    
-0.36 0.38 0.36 
         
-0.67 0.43 0.13 
Reserve forage 
    
0.17 0.52 0.74 
         
0.07 0.55 0.90 
Range hectares 
    
0.24 0.16 0.13 
         
0.10 0.17 0.57 
Tall grass dominant 
    
0.30 0.65 0.64 
         
0.00 0.70 1.00 
Short grass dominant 
    
0.29 0.50 0.56 
         
0.45 0.53 0.39 
Native/introduced grass dominant 
    
-0.21 0.49 0.67 
         
-0.50 0.54 0.35 
Irrigation 
    
-0.32 0.45 0.47 
         
-0.54 0.50 0.29 
Graze intensive early stocking 
        
-0.37 0.52 0.48 
     
-0.10 0.56 0.86 
Graze deferred rotation 
        
0.15 0.37 0.70 
     
0.05 0.39 0.91 
Graze rest rotation 
        
0.74 0.40 0.06 
     
0.58 0.45 0.20 
Graze intensive rotation 
        
0.22 0.48 0.64 
     
0.26 0.50 0.61 
Registered seed stock operation 
        
1.02 0.62 0.10 
     
1.27 0.68 0.06 
Stockers/feeders operation 
        
-0.02 0.37 0.96 
     
-0.09 0.40 0.82 
Custom grazing operation 
        
-0.13 0.69 0.85 
     
-0.75 0.78 0.34 
Feedlot operation 
        
0.39 0.58 0.50 
     
0.73 0.65 0.26 
PRF Insurance 
            
0.88 0.36 0.01 
 
1.05 0.41 0.01 
Percent income from operation 
            
0.00 0.00 0.78 
 
0.00 0.01 0.96  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 217 0.01 0.00 
 
217 6.23 0.03 
 
217 7.16 0.03 
 
217 6.08 0.03 
 
217 19.54 0.09 
AIC 214.34 
   
230.12 
   
223.19 
   
212.27 
   
236.81 
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Table 13 Logistic Regression Model Prediction of Weaning Calves Earlier than Usual in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity -1.26 0.32 0.00 
 
-1.66 0.41 0.00 
 
-1.31 0.33 0.00 
 
-1.52 0.34 0.00 
 
-1.91 0.45 0.00 
Range/pasture/hay 
    
-0.09 0.42 0.84 
         
-0.16 0.45 0.72 
Feed crop residues 
    
0.47 0.35 0.17 
         
0.58 0.38 0.13 
Feed cover crops 
    
-0.55 0.42 0.19 
         
-0.71 0.45 0.11 
Feed purchased hay 
    
-0.12 0.34 0.72 
         
-0.13 0.36 0.73 
Feed purchased feed/dry lot 
    
-0.16 0.33 0.63 
         
-0.27 0.36 0.46 
Reserve forage 
    
-0.09 0.45 0.84 
         
-0.14 0.46 0.77 
Range hectares 
    
0.47 0.14 0.00 
         
0.34 0.15 0.03 
Tall grass dominant 
    
-0.77 0.60 0.19 
         
-1.05 0.61 0.08 
Short grass dominant 
    
-0.02 0.46 0.97 
         
0.14 0.49 0.78 
Native/introduced grass dominant 
    
0.56 0.40 0.16 
         
0.28 0.44 0.52 
Irrigation 
    
-0.05 0.38 0.90 
         
-0.17 0.41 0.68 
Graze intensive early stocking 
        
0.12 0.42 0.78 
     
0.28 0.45 0.54 
Graze deferred rotation 
        
-0.07 0.31 0.81 
     
-0.08 0.33 0.81 
Graze rest rotation 
        
0.84 0.38 0.03 
     
0.64 0.43 0.14 
Graze intensive rotation 
        
-0.01 0.41 0.98 
     
0.15 0.45 0.75 
Registered seed stock operation 
        
-0.01 0.63 0.99 
     
0.28 0.69 0.69 
Stockers/feeders operation 
        
0.22 0.32 0.49 
     
0.18 0.35 0.62 
Custom grazing operation 
        
0.19 0.55 0.72 
     
-0.35 0.62 0.57 
Feedlot operation 
        
-0.46 0.52 0.38 
     
-0.30 0.60 0.62 
PRF Insurance 
            
1.05 0.33 0.00 
 
0.97 0.37 0.01 
Percent income from operation 
            
0.01 0.00 0.07 
 
0.01 0.00 0.17  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 209 16.86* 0.06 
 
209 35.61* 0.12 
 
209 24.09* 0.08 
 
209 30.91* 0.11 
 
209 49.88* 0.17 
AIC 273.87 
   
277.12 
   
282.65 
   
263.83 
   
282.86 
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Table 14 Logistic Regression Model Prediction of Selling Culls or Feeders Earlier than Usual in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity -1.08 0.33 0.00 
 
-1.25 0.42 0.00 
 
-1.23 0.36 0.00 
 
-1.31 0.36 0.00 
 
-1.54 0.45 0.00 
Range/pasture/hay 
    
0.27 0.43 0.52 
         
0.14 0.46 0.76 
Feed crop residues 
    
-0.10 0.37 0.79 
         
-0.03 0.40 0.94 
Feed cover crops 
    
-0.58 0.43 0.18 
         
-0.76 0.47 0.11 
Feed purchased hay 
    
0.76 0.38 0.04 
         
0.84 0.40 0.04 
Feed purchased feed/dry lot 
    
-0.25 0.35 0.47 
         
-0.43 0.39 0.27 
Reserve forage 
    
0.61 0.46 0.18 
         
0.67 0.48 0.16 
Range hectares 
    
0.30 0.14 0.03 
         
0.12 0.15 0.44 
Tall grass dominant 
    
0.29 0.68 0.67 
         
-0.08 0.72 0.91 
Short grass dominant 
    
-0.08 0.48 0.87 
         
0.12 0.51 0.81 
Native/introduced grass dominant 
    
0.12 0.41 0.77 
         
-0.08 0.45 0.86 
Irrigation 
    
0.36 0.41 0.38 
         
0.27 0.44 0.55 
Graze intensive early stocking 
        
-0.34 0.45 0.44 
     
-0.30 0.49 0.54 
Graze deferred rotation 
        
0.37 0.33 0.26 
     
0.40 0.36 0.26 
Graze rest rotation 
        
0.90 0.43 0.04 
     
0.53 0.48 0.27 
Graze intensive rotation 
        
0.26 0.44 0.55 
     
0.56 0.48 0.24 
Registered seed stock operation 
        
0.67 0.73 0.36 
     
0.90 0.80 0.26 
Stockers/feeders operation 
        
0.33 0.35 0.34 
     
0.14 0.37 0.70 
Custom grazing operation 
        
0.53 0.66 0.42 
     
-0.13 0.74 0.86 
Feedlot operation 
        
-1.08 0.56 0.05 
     
-0.94 0.66 0.15 
PRF Insurance 
            
1.02 0.36 0.01 
 
0.93 0.41 0.02 
Percent income from operation 
            
0.01 0.00 0.02 
 
0.01 0.01 0.02  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 209 10.79* 0.04 
 
209 25.02* 0.10 
 
209 22.34* 0.09 
 
209 24.95* 0.10 
 
209 43.83* 0.17 
AIC 250.71 
   
258.49 
   
255.17 
   
240.56 
   
259.68 
  
 
 
 
6
7 
6
7 
Table 15 Logistic Regression Model Prediction of Reducing Breeding Herd by <25% in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity -0.55 0.31 0.07 
 
-0.80 0.40 0.05 
 
-0.62 0.33 0.06 
 
-0.64 0.32 0.04 
 
-1.09 0.45 0.02 
Range/pasture/hay 
    
0.45 0.43 0.30 
         
0.65 0.49 0.18 
Feed crop residues 
    
0.89 0.35 0.01 
         
1.12 0.40 0.01 
Feed cover crops 
    
-0.20 0.41 0.63 
         
-0.60 0.46 0.19 
Feed purchased hay 
    
0.21 0.34 0.54 
         
0.29 0.38 0.44 
Feed purchased feed/dry lot 
    
-0.46 0.33 0.16 
         
-0.63 0.37 0.09 
Reserve forage 
    
0.49 0.45 0.27 
         
0.47 0.47 0.32 
Range hectares 
    
0.25 0.14 0.07 
         
0.13 0.16 0.41 
Tall grass dominant 
    
0.37 0.57 0.52 
         
-0.01 0.59 0.99 
Short grass dominant 
    
1.09 0.48 0.02 
         
1.55 0.54 0.00 
Native/introduced grass dominant 
    
0.40 0.41 0.33 
         
0.21 0.46 0.65 
Irrigation 
    
-0.11 0.37 0.76 
         
-0.24 0.41 0.56 
Graze intensive early stocking 
        
-0.38 0.43 0.38 
     
-0.19 0.47 0.68 
Graze deferred rotation 
        
0.32 0.31 0.30 
     
0.32 0.34 0.34 
Graze rest rotation 
        
1.04 0.38 0.01 
     
1.22 0.44 0.01 
Graze intensive rotation 
        
0.68 0.40 0.09 
     
0.91 0.45 0.04 
Registered seed stock operation 
        
0.37 0.62 0.55 
     
0.67 0.68 0.33 
Stockers/feeders operation 
        
-0.03 0.32 0.92 
     
-0.19 0.37 0.60 
Custom grazing operation 
        
-0.64 0.58 0.27 
     
-0.89 0.67 0.18 
Feedlot operation 
        
-0.34 0.53 0.52 
     
-0.56 0.60 0.35 
PRF Insurance 
            
0.68 0.31 0.03 
 
0.83 0.37 0.02 
Percent income from operation 
            
0.00 0.00 0.59 
 
0.00 0.00 0.58  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 198 3.23 0.01 
 
198 21.7* 0.08 
 
198 18.0* 0.07 
 
198 8.43* 0.03 
 
198 46.67* 0.17 
AIC 273.96 
   
277.49 
   
275.19 
   
272.76 
   
272.52 
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Table 16 Logistic Regression Model Prediction of Reducing Breeding Herd by > 25% in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity -1.44 0.42 0.00 
 
-1.57 0.51 0.00 
 
-1.47 0.45 0.00 
 
-1.62 0.45 0.00 
 
-1.83 0.58 0.00 
Range/pasture/hay 
    
-0.45 0.47 0.34 
         
-0.39 0.51 0.45 
Feed crop residues 
    
-0.77 0.44 0.08 
         
-0.80 0.48 0.10 
Feed cover crops 
    
0.29 0.49 0.55 
         
0.37 0.53 0.49 
Feed purchased hay 
    
0.51 0.41 0.21 
         
0.52 0.43 0.23 
Feed purchased feed/dry lot 
    
0.16 0.39 0.68 
         
0.07 0.42 0.86 
Reserve forage 
    
0.54 0.53 0.31 
         
0.55 0.55 0.32 
Range hectares 
    
0.07 0.17 0.70 
         
0.06 0.19 0.75 
Tall grass dominant 
    
0.04 0.69 0.96 
         
0.01 0.72 0.99 
Short grass dominant 
    
-0.02 0.54 0.98 
         
-0.06 0.58 0.92 
Native/introduced grass dominant 
    
-0.36 0.57 0.53 
         
-0.47 0.59 0.43 
Irrigation 
    
0.08 0.45 0.86 
         
0.04 0.50 0.94 
Graze intensive early stocking 
        
0.29 0.49 0.55 
     
0.38 0.52 0.46 
Graze deferred rotation 
        
0.00 0.39 1.00 
     
-0.09 0.42 0.83 
Graze rest rotation 
        
0.88 0.44 0.05 
     
0.68 0.47 0.15 
Graze intensive rotation 
        
-0.88 0.55 0.11 
     
-1.01 0.59 0.09 
Registered seed stock operation 
        
-1.32 1.12 0.24 
     
-1.34 1.16 0.25 
Stockers/feeders operation 
        
-0.13 0.40 0.76 
     
-0.21 0.44 0.64 
Custom grazing operation 
        
0.50 0.59 0.40 
     
0.19 0.68 0.78 
Feedlot operation 
        
0.49 0.62 0.43 
     
0.55 0.72 0.44 
PRF Insurance 
            
0.77 0.39 0.05 
 
0.72 0.44 0.10 
Percent income from operation 
            
0.00 0.00 0.63 
 
0.00 0.01 0.58  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 190 13.1* 0.06 
 
190 20.14 0.10 
 
190 21.92* 0.11 
 
190 17.19* 0.08 
 
190 31.2 0.15 
AIC 194.12 
   
209.08 
   
201.30 
   
194.03 
   
218.02 
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Table 17 Logistic Regression Model Prediction of Reducing Stockers/Yearling Numbers by < 25% in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity -0.39 0.42 0.35 
 
-0.16 0.58 0.79 
 
-0.40 0.43 0.35 
 
-0.38 0.42 0.37 
 
-0.32 0.61 0.60 
Range/pasture/hay 
    
-0.03 0.65 0.96 
         
-0.17 0.67 0.80 
Feed crop residues 
    
0.14 0.47 0.77 
         
0.00 0.51 1.00 
Feed cover crops 
    
0.69 0.54 0.20 
         
0.63 0.58 0.28 
Feed purchased hay 
    
0.24 0.46 0.60 
         
0.25 0.49 0.61 
Feed purchased feed/dry lot 
    
0.05 0.46 0.91 
         
-0.07 0.50 0.89 
Reserve forage 
    
2.38 1.07 0.03 
         
2.31 1.11 0.04 
Range hectares 
    
0.13 0.18 0.48 
         
0.10 0.20 0.63 
Tall grass dominant 
    
-0.89 1.10 0.42 
         
-0.88 1.12 0.43 
Short grass dominant 
    
-0.19 0.61 0.75 
         
-0.23 0.65 0.73 
Native/introduced grass dominant 
    
0.28 0.58 0.62 
         
0.47 0.62 0.45 
Irrigation 
    
0.69 0.53 0.19 
         
0.49 0.57 0.40 
Graze intensive early stocking 
        
-0.43 0.59 0.47 
     
-0.59 0.64 0.35 
Graze deferred rotation 
        
-0.10 0.43 0.82 
     
-0.09 0.47 0.84 
Graze rest rotation 
        
0.18 0.52 0.73 
     
0.18 0.59 0.76 
Graze intensive rotation 
        
0.23 0.51 0.65 
     
0.20 0.55 0.72 
Registered seed stock operation 
        
1.05 0.69 0.13 
     
1.00 0.82 0.23 
Stockers/feeders operation 
        
-0.02 0.43 0.96 
     
0.07 0.47 0.88 
Custom grazing operation 
        
-0.05 0.71 0.95 
     
0.02 0.78 0.98 
Feedlot operation 
        
0.92 0.58 0.11 
     
0.49 0.68 0.47 
PRF Insurance 
            
-0.44 0.45 0.33 
 
-0.34 0.51 0.50 
Percent income from operation 
            
0.01 0.01 0.30 
 
0.00 0.01 0.53  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 176 0.88 0.01 
 
176 16.08 0.10 
 
176 6.37 0.04 
 
176 2.99 0.02 
 
176 20.13 0.12 
AIC 166.97 
   
173.77 
   
177.48 
   
168.86 
   
189.72 
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Table 18 Logistic Regression Model Prediction of Reducing Stockers/Yearling Numbers by > 25% in 2012 
 
Drought-only 
  
Feed Resources 
 
Flexibility Financial Resources Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
Drought Severity -0.38 0.44 0.39 
 
-0.24 0.66 0.72 
 
-0.31 0.48 0.52 
 
-0.62 0.47 0.19 
 
-0.52 0.87 0.55 
Range/pasture/hay 
    
1.13 0.86 0.19 
         
1.65 1.26 0.19 
Feed crop residues 
    
-0.19 0.50 0.70 
         
-0.33 0.59 0.57 
Feed cover crops 
    
0.26 0.62 0.68 
         
0.50 0.71 0.49 
Feed purchased hay 
    
1.14 0.50 0.02 
         
1.28 0.58 0.03 
Feed purchased feed/dry lot 
    
-0.34 0.50 0.49 
         
-0.38 0.58 0.52 
Reserve forage 
    
1.15 0.76 0.13 
         
1.56 0.88 0.08 
Range hectares 
    
0.47 0.22 0.03 
         
0.36 0.26 0.17 
Tall grass dominant 
    
1.54 0.82 0.06 
         
1.80 1.03 0.08 
Short grass dominant 
    
1.03 0.60 0.09 
         
1.63 0.73 0.03 
Native/introduced grass dominant 
    
0.52 0.70 0.46 
         
0.27 0.84 0.74 
Irrigation 
    
1.03 0.61 0.09 
         
1.19 0.75 0.11 
Graze intensive early stocking 
        
-0.66 0.64 0.30 
     
-1.58 0.83 0.06 
Graze deferred rotation 
        
1.18 0.55 0.03 
     
1.62 0.70 0.02 
Graze rest rotation 
        
1.23 0.53 0.02 
     
0.94 0.67 0.16 
Graze intensive rotation 
        
-0.49 0.66 0.45 
     
0.05 0.78 0.95 
Registered seed stock operation 
        
-0.89 1.12 0.43 
     
-0.81 1.21 0.50 
Stockers/feeders operation 
        
0.71 0.46 0.12 
     
0.95 0.61 0.12 
Custom grazing operation 
        
0.54 0.69 0.43 
     
0.17 0.88 0.85 
Feedlot operation 
        
-0.29 0.73 0.69 
     
-0.87 0.93 0.35 
PRF Insurance 
            
1.41 0.44 0.00 
 
1.97 0.64 0.00 
Percent income from operation 
            
0.01 0.01 0.23 
 
0.01 0.01 0.42  
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
 
n chi2 R2 
Model Stats 172 0.75 0.00 
 
172 25.78* 0.17 
 
172 15.09 0.10 
 
172 12.88* 0.08 
 
172 49.85* 0.33 
AIC 156.08 
   
153.05 
   
157.74 
   
147.95 
   
148.98 
  
71 
 
 
Relationship between Actions and Impacts 
According to respondents, the drought was most harmful to their cash reserves, 
rangeland health, and animal production, and least harmful to the value of their ranch 
operations (Table 19). The models that best predicted harm to rangeland health and 
animal production included drought severity and the actions related to destocking herds.  
The models that best predicted harm to cash reserves or savings included drought 
severity, actions related to destocking, and actions related to the expense of procuring 
supplemental hay and feed. While models including actions improved prediction of harm 
to the value of the ranch operation, none of the individual variables except for drought 
severity contributed significantly to predicting the impact. In all cases, higher levels of 
drought severity (indicated by more negative values) predicted increased harm. Where 
taking action was associated with impacts, the relation was positive and the effect of the 
action was to lessen the strength of the relationship of drought severity and impact. In 
other words, taking some actions was associated with greater impacts, not lesser, and 
appeared to mediate the relationship between drought severity and impacts. These actions 
appear to have been taken reactively and/or were part of the cause of impact. 
Table 19 Percent of respondents reporting impact to rangeland health, animal 
production, cash reserves or savings, and value of ranch operation, as a result of drought 
 Beneficial No effect Slightly 
harmful 
Moderately 
harmful 
Extremely 
harmful 
Harm to rangeland health (n=414) 0% 9%  21%  30%  40%  
Harm to animal production (n = 414) 1% 12% 21% 30% 36% 
Harm to cash reserves or savings (n=402) 1%  13%  18%  26%  41%  
Harm to value of ranch operation (n = 403) 4% 32% 26% 20% 18% 
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Table 20 Ordered Logistic Regression Prediction of Harm to Rangeland Health in 2012 
 
Drought-only 
  
Feed Actions 
 
Destocking Actions Full Model 
 
Harm to rangeland health Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Drought Severity -1.53 0.25 0.00 
 
-1.47 0.27 0.00 
 
-1.22 0.26 0.00 
 
-1.30 0.28 0.00 
Purchased hay/feed 
    
-0.13 0.25 0.60 
     
-0.37 0.26 0.16 
Fed own hay 
    
0.52 0.38 0.17 
     
0.35 0.39 0.37 
Early grazed fall/winter pastures 
    
0.50 0.24 0.04 
     
0.15 0.26 0.56 
Grazed crops/residues 
    
0.01 0.24 0.98 
     
-0.02 0.25 0.94 
Moved animals to feedlot 
    
0.42 0.30 0.16 
     
0.16 0.31 0.61 
Leased additional land 
    
0.23 0.30 0.43 
     
0.12 0.30 0.69 
Sent custom grazed animals home 
        
0.19 0.36 0.59 
 
0.20 0.37 0.59 
Early weaned 
        
0.74 0.27 0.01 
 
0.66 0.28 0.02 
Sold culls 
        
0.38 0.28 0.18 
 
0.39 0.29 0.18 
Reduced breeders <25% 
        
0.24 0.26 0.36 
 
0.26 0.27 0.33 
Reduced breeders > 25% 
        
1.00 0.37 0.01 
 
0.99 0.38 0.01 
Reduced stockers <25% 
        
0.55 0.33 0.10 
 
0.60 0.34 0.08 
Reduced stockers > 25% 
        
-0.30 0.40 0.46 
 
-0.31 0.41 0.44 
Number of obs 269 
   
269 
   
269 
   
269 
  
chi2 38.60 
   
49.57 
   
74.55 
   
77.90 
  
Prob > chi2 0.00 
   
0.00 
   
0.00 
   
0.00 
  
Pseudo R2 0.05 
   
0.07 
   
0.11 
   
0.11 
  
AIC 671.99 
   
673.03 
   
650.05 
   
658.70 
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Table 21 Ordered Logistic Regression Prediction of Harm to Animal Production in 2012 
 
Drought-only 
  
Feed Actions 
 
Destocking Actions Full Model 
 
Harm to animal production Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Drought Severity -1.19 0.25 0.00 
 
-1.01 0.26 0.00 
 
-0.93 0.26 0.00 
 
-0.88 0.28 0.00 
Purchased hay/feed 
    
0.29 0.24 0.23 
     
0.18 0.26 0.47 
Fed own hay 
    
-0.06 0.39 0.88 
     
-0.20 0.39 0.61 
Early grazed fall/winter pastures 
    
0.76 0.24 0.00 
     
0.45 0.26 0.08 
Grazed crops/residues 
    
0.22 0.24 0.36 
     
0.09 0.25 0.73 
Moved animals to feedlot 
    
0.18 0.30 0.54 
     
-0.02 0.32 0.94 
Leased additional land 
    
0.14 0.28 0.61 
     
-0.01 0.30 0.96 
Sent custom grazed animals home 
        
0.03 0.36 0.94 
 
0.08 0.36 0.83 
Early weaned 
        
0.43 0.26 0.10 
 
0.30 0.28 0.28 
Sold culls 
        
0.50 0.27 0.07 
 
0.37 0.28 0.19 
Reduced breeders <25% 
        
0.08 0.26 0.77 
 
0.05 0.26 0.86 
Reduced breeders > 25% 
        
1.27 0.39 0.00 
 
1.24 0.39 0.00 
Reduced stockers <25% 
        
0.65 0.33 0.05 
 
0.63 0.33 0.06 
Reduced stockers > 25% 
        
1.21 0.41 0.00 
 
1.18 0.41 0.00 
Number of obs 269 
   
269 
   
269 
   
269 
  
chi2 23.75 
   
42.37 
   
80.31 
   
84.63 
  
Prob > chi2 0.00 
   
0.00 
   
0.00 
   
0.00 
  
Pseudo R2 0.03 
   
0.06 
   
0.11 
   
0.11 
  
AIC 725.65 
   
719.03 
   
683.09 
   
690.77 
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Table 22 Ordered Logistic Regression Prediction of Harm to Cash Reserves or Savings in 2012 
 
Drought-only 
  
Feed Actions 
 
Destocking Actions Full Model 
 
Harm to cash reserves or savings Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Drought Severity -1.93 0.27 0.00 
 
-1.76 0.28 0.00 
 
-1.84 0.28 0.00 
 
-1.76 0.29 0.00 
Purchased hay/feed 
    
0.67 0.25 0.01 
     
0.54 0.26 0.03 
Fed own hay 
    
-0.35 0.39 0.36 
     
-0.61 0.40 0.13 
Early grazed fall/winter pastures 
    
0.90 0.24 0.00 
     
0.53 0.26 0.04 
Grazed crops/residues 
    
0.12 0.24 0.61 
     
0.11 0.25 0.66 
Moved animals to feedlot 
    
-0.06 0.30 0.85 
     
-0.32 0.33 0.32 
Leased additional land 
    
0.81 0.31 0.01 
     
0.68 0.32 0.03 
Sent custom grazed animals home 
        
0.37 0.38 0.32 
 
0.43 0.38 0.25 
Early weaned 
        
0.40 0.26 0.13 
 
0.28 0.29 0.33 
Sold culls 
        
0.55 0.28 0.05 
 
0.39 0.29 0.17 
Reduced breeders <25% 
        
0.61 0.26 0.02 
 
0.57 0.27 0.03 
Reduced breeders > 25% 
        
1.13 0.38 0.00 
 
1.04 0.38 0.01 
Reduced stockers <25% 
        
0.11 0.33 0.73 
 
0.15 0.33 0.65 
Reduced stockers > 25% 
        
1.18 0.41 0.00 
 
1.17 0.41 0.00 
Number of obs 269 
   
269 
   
269 
   
269 
  
chi2 57.25 
   
94.24 
   
116.96 
   
134.84 
  
Prob > chi2 0.00 
   
0.00 
   
0.00 
   
0.00 
  
Pseudo R2 0.08 
   
0.13 
   
0.16 
   
0.18 
  
AIC 696.76 
   
671.76 
   
651.04 
   
645.17 
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Table 23 Ordered Logistic Regression Prediction of Harm to Value of Ranch Operation in 2012 
 
Drought-only 
  
Feed Actions 
 
Destocking Actions Full Model 
 
Harm to value of ranch operation Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Drought Severity -1.18 0.25 0.00 
 
-1.10 0.26 0.00 
 
-0.96 0.27 0.00 
 
-1.01 0.27 0.00 
Purchased hay/feed 
    
0.16 0.24 0.50 
     
0.03 0.25 0.92 
Fed own hay 
    
0.10 0.40 0.79 
     
0.05 0.40 0.91 
Early grazed fall/winter pastures 
    
0.65 0.24 0.01 
     
0.43 0.25 0.09 
Grazed crops/residues 
    
-0.10 0.24 0.67 
     
-0.16 0.24 0.50 
Moved animals to feedlot 
    
-0.18 0.29 0.54 
     
-0.30 0.30 0.33 
Leased additional land 
    
0.55 0.29 0.06 
     
0.50 0.29 0.09 
Sent custom grazed animals home 
        
0.38 0.34 0.26 
 
0.38 0.34 0.26 
Early weaned 
        
0.18 0.26 0.50 
 
0.12 0.28 0.67 
Sold culls 
        
0.47 0.28 0.09 
 
0.36 0.29 0.21 
Reduced breeders <25% 
        
-0.01 0.25 0.97 
 
-0.03 0.26 0.89 
Reduced breeders > 25% 
        
0.51 0.35 0.15 
 
0.42 0.35 0.24 
Reduced stockers <25% 
        
0.58 0.31 0.06 
 
0.60 0.31 0.06 
Reduced stockers > 25% 
        
0.39 0.35 0.27 
 
0.39 0.35 0.27 
Number of obs 264 
  
 264 
   
264 
   
264 
  
chi2 23.14 
  
 37.52 
   
44.33 
   
51.68 
  
Prob > chi2 0.00 
  
 0.00 
   
0.00 
   
0.00 
  
Pseudo R2 0.03 
  
 0.05 
   
0.06 
   
0.07 
  
AIC 759.37 
   
756.99 
   
752.18 
   
756.83 
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Conclusion 
Characteristics of the operation’s resources and management provide the adaptive 
capacity needed for rangeland managers to take action during drought. Given the same 
level of severity of drought experienced, managers’ responses to drought are 
heterogeneous in part due to these differences in operational adaptive capacity. These 
results provide support to other studies (Bastian et al., 2006; Dunn et al., 2005; Haigh & 
Knutson, 2013; Kachergis et al., 2014; Knutson & Haigh, 2013; Thurow & Taylor, 1999; 
Wilhelmi & Wilhite, 2002) linking operational characteristics with drought response, and 
go further than past studies to identify the processes linking these characteristics and 
actions. 
As suggested in the Chapin et al. (2009) model, characteristics of the socio-
ecological system may provide both/either the adaptive capacity and/or sensitivity that 
underlie managers’ decisions about taking action.  The relationships between some 
resources and actions indicate adaptive capacity as described in both the climate 
vulnerability and socio-ecological resilience literatures (Walker & Abel, 2002; Yohe & 
Tol, 2002; Engle, 2011). But in other cases, the available resources and nuances of 
management indicate the buffer or flexibility in the system (or lack thereof) that increases 
or decreases the need for managers to take action. These characteristics may influence 
managers’ decisions as to whether or not specific actions are necessary. These findings 
highlight the need to examine the sensitivity of the system, as well as adaptive capacity, 
to explain adaptation decision-making. What remains unclear from this study is the 
degree to which managers are responding to what they see as potential impacts, based on 
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their knowledge of their operation and past drought events, or are responding to impacts 
as they occur during the current drought.  
Characterizing actions according to whether they are driven by capacity or 
necessity adds to the understanding of distinctions between proactive and reactive 
decision-making (Smit & Skinner, 2002) and the interconnected nature of hazard 
mitigation and response (Godschalk et al., 1998). Actions driven by necessity may be 
more likely to be reactive decisions, and less likely to be part of a mitigation plan. They 
may be less preferable actions as well, from the manager’s perspective. In recognition 
that all management decisions come with trade-offs (Walker et al., 2012), less preferred 
actions may lead the system to a less desirable state. It is worth exploring in future 
studies whether actions taken on a “need to” basis are more likely to lead to negative 
transformation in the system, compared to those taken on an “able to” to basis.   
Regardless of whether actions were taken on a “need to” or “able to” basis, there 
was no evidence that taking action resulted in lesser impacts of the 2012 drought. Rather, 
the relationship between impacts and some actions was positive. Whereas impacts and 
response actions were positively correlated in the analysis, causation was unclear and 
could, in some cases, be inferred in either direction. For example, the severity of harm to 
rangeland health was positively correlated with early weaning and large reductions in the 
breeding herd, possibly because managers took these actions reactively to cope with the 
impact, not because the actions led to the impact. On the other hand, correlations between 
response actions and financial impacts may reflect causation in either (or both, or neither) 
direction, from response to impact or from impact to response. It is likely that in some 
cases, response actions may be associated with greater losses, in part based on the 
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distinction among types of responses described above.  Relationships may have been 
unclear because the timing of the impact was not measured and the timing of the response 
was measured only at an annual time-step. More fine-tuned measurement regarding the 
timing of response actions and impacts is needed to more effectively examine these 
theoretical relationships. In summary, though, the results of this study underscore the 
importance of understanding the ways that the socio-ecological context shapes the 
system’s sensitivity and adaptive capacity, in addition to the disturbance/hazard context 
itself, in any discussion of drought preparedness and response. 
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CHAPTER 5: DROUGHT EARLY WARNING INFORMATION AS ADAPTIVE 
CAPACITY 
Introduction  
 The goal of monitoring and early warning of natural hazards is the provision of 
reliable and timely information to inform decision-making in ways that reduce harm of 
loss (International Strategy for Disaster Reduction, 2009). In other words, it is intended 
as a source of adaptive capacity for decision-makers. Scientists recommend that 
agricultural producers, like other resource managers, use climate data as well as on-site 
observations to monitor and predict drought in order to manage it effectively and 
minimize damages (Derner & Augustine, 2016; Knutson & Haigh, 2013). In the U.S., for 
example, monitoring tools such as the U.S. Drought Monitor (Svoboda et al., 2002) and 
NOAA Climate Prediction Center Seasonal Drought Outlook may be used to enhance 
producers’ decision-making. However, inserting additional information into the decision-
making process does not guarantee effective use of that information. Rather, research has 
found a significant gap between information provision and information use (Kirchhoff et 
al., 2013; Lemos et al., 2012).  
The realization of successful drought early warning, therefore, lies as much with 
the potential users as with the providers of monitoring information. It requires 1) that the 
information will be accessed and understood by decision-makers; 2) that decision-makers 
will use the information to make timely and effective coping and adaptation decisions as 
a result of incorporating the information; and 3) that the decisions made will result in 
fewer, or less severe, impacts (harm or loss) due to drought (Buchanan-Smith, 2000; 
Pulwarty & Sivakumar, 2014). As such, the realization of successful drought early 
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warning requires understanding the capacity of decision-makers to use it.  As described in 
Chapter 1, Dilling et al. (2015) have suggested that while access to information is itself a 
form of adaptive capacity, adaptive capacity is also required to properly use and 
incorporate the information.  
Decision-making in agricultural systems is complex, including the systems to be 
managed (Walker et al., 2002) and the myriad of decisions that need to be made under 
short-, medium-, and long-term timeframes (Hollinger, 2009; Haigh et al., 2015). The 
timing of decision-making is part of the complexity of the process, yet is critical for 
understanding drought early warning as adaptive capacity (Takle et al., 2014). For 
example, there are complex economic trade-offs and consequences associated with 
selling livestock earlier versus later during any given drought event (Shrum et al. 2018). 
In some regions of the world, the timing of response is of concern because of the risk of 
emergent food insecurity or even famine (Davies, 1993; Hillier & Dempsey, 2012). In the 
U.S. Great Plains, the timing of producers’ responses may be of concern more in the way 
it impacts the long-term ecological health of grasslands and croplands, water supplies, 
agricultural markets, farm economics, and family and community health (Shrum et al., 
2018; Wilmer et al., 2016). Despite the importance of the timing of response, little is 
known about how agricultural producers make their decisions to begin a drought response 
action, or the degree to which drought monitoring information provides the adaptive 
capacity needed to trigger the beginning the response.  
Conceptual Framework 
 The use of early warning information in coping and adaptation is a focus of a 
body of research in short-term emergency responses to fires, hurricanes, and other 
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disasters. One prominent guiding theoretical model, the Protective Action Decision 
Model (PADM) (Lindell & Perry, 2012), locates the role of early warning information in 
a social-psychological process of decision-making in response to hazards. Specifically, 
warnings are seen as cues to action that inform an individual’s processes of perceiving 
and comprehending the nature of the threat (Kuligowski, 2013; Lindell & Perry, 2012). 
Warnings include all sources of information that convey a threat, commonly 
communicated through the media, alarms, presentations, or decision tools (Church et al., 
2017). Cues to action may also come from the natural or social environment (Lindell & 
Perry, 2012). For the range-based livestock manager, for example, deviations from 
normal in precipitation or forage growth may be natural environmental cues that a 
drought threat is at hand. Social cues may come in the form of heightened awareness due 
to observations of increased sales at the livestock barn or increases in local forage prices.  
 The existence of a cue does not itself spontaneously lead to an individual taking 
protective action. Rather, the individual must observe, pay attention to, and comprehend 
the cue, then establish that the cue represents enough of a personal risk to necessitate 
taking action, and finally identify and choose among options for response (Lindell & 
Perry, 2012). Individuals who process and move through these stages quickly may take 
protective action earlier than those who spend more time addressing uncertainty and 
processing information (Lindell & Whitney, 2000; Terpstra & Lindell, 2013).  Examining 
drought coping response within this framework may lead to better understanding of the 
drivers of proactive and responsive or reactive coping actions (Smit & Skinner, 2002).  
 Drought is a notoriously difficult natural hazard to perceive, adding to the 
uncertainty and complexity of decision-making (Wilhite, 2000). In complex decision-
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making environments, managers may encounter multiple and conflicting types of cues to 
action. Environmental and social cues may be asynchronous or contradict one another.  
Sources of warning may not provide consistent messages of the nature or severity of the 
threat. And warnings may differ in timing, precision, visibility, message specificity to the 
audience, and other characteristics that have been summarized by Cash et al. (2002) as 
information salience, credibility, and legitimacy, and by Lemos et al. (2012) as the 
perceived fit, interplay, and interaction of the information by decision-makers.  
 This study examines drought early warning information as a source of adaptive 
capacity for making timely rangeland drought management decisions. Building upon the 
findings of study #1, this study refines the measurement of drought management action 
by focusing on the inter-annual timing of the action so that the relative timing of actions 
and impacts can be discerned. The research questions include: 
1. Does drought early warning information affect the timing of managers’ 
observation of drought emergence, controlling for drought severity? 
2. Does drought early warning information affect the timing of their drought 
response, controlling for drought severity? 
3. Does the timing of range managers’ drought protective actions affect the 
impacts that they experience during a drought, controlling for drought 
severity? 
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Methods 
Study Area and Context 
 This study investigates the triggers of drought response and examines the role of 
early warning information in timely drought response decision-making. To do so, U.S. 
Northern Great Plains livestock producers were surveyed about their drought 
management decisions (related to feed, forage, and grazing pressure) in response to a 
2016 flash drought. The drought centered in western South Dakota, and also affected 
parts of Wyoming, Montana, North Dakota, and Nebraska. The drought was considered a 
“flash-drought”, developing quickly in the early months of summer, and was not as 
severe or widespread as the 2012-2013 drought. Like the 2012-2013 drought, there was 
spatial variability in the severity and length of drought experienced. 
 Livestock production in the study region is dominated by cow-calf enterprises that 
depend upon local rangelands as well as regional supplies of hay and feed. The 
predominant land cover of the region ranges from tall-grass to short-grass prairie, and 
contains mixed shrub/grassland; forage-, wheat-, corn-, and sugar beet-producing 
cropland; and forestland. The area is largely dependent upon precipitation for agricultural 
production, with limited areas of irrigated cropland. In 2016, the primarily rural region 
experienced drought impacts such as forest and grassland fires, reductions in grain yields, 
reduced forage production, water quality and quantity problems, and economic losses 
(USDA National Agricultural Statistics Service, 2017). These characteristics make the 
area and drought event appropriate for studying rangeland managers’ drought response 
and use of drought monitoring/early warning information. 
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Sampling Design and Survey Instrument 
 The sampling unit for the 2016 post-drought survey was individual producers 
identified as the operation’s primary decision maker, whose operation’s address was 
located in parts of the target region that experienced at least abnormally dry conditions 
through mid-summer according to the U.S. Drought Monitor (USDM). The sampling 
frame was a list of landowners with a history of production of forage, wheat, corn, or 
sugar beets, obtained through a Freedom of Information Request of the USDA Farm 
Services Agency (FSA). The lists contained producers eligible for FSA programs 
including conservation programs, FSA farm loans, and emergency and disaster programs. 
Producers who did not participate in any of these programs at the time were 
unrepresented in the sample. Operations listing a trust as the addressee were not included 
in the sample.  
 The sample was stratified based on the location of the producers’ addresses in 
relation to the 2016 drought’s extent and severity. Four strata were defined by the USDM 
severity level (D0, D1, D2, D3) of the landowner’s county in mid-July 2016 (representing 
the greatest severity and geographic extent of the drought event) (Figure 6). The USDM 
is a composite measure of drought stress (Svoboda et al., 2002) used to depict abnormally 
dry conditions (D0) and four drought categories including moderate (D1), severe (D2), 
extreme (D3), and exceptional (D4) drought. In order to ensure representation of 
landowners experiencing all four levels of drought severity, landowners living in USDM 
D0 and D1 strata (which occurred in more highly populated counties) were under-
sampled, while landowners living in USDM D2 and D3 strata (which occurred in less 
populated counties) were over-sampled. The sample design attempted to include an 
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approximately equal number of landowners in each stratum; however, the entire D3 strata 
was included in the sample and nonetheless only included approximately one-third the 
number of each of the other strata. The resulting sample included the following number 
of landowners in each (for a total of 2,389 landowners in the sample):  
• D0 –7% (678) 
• D1 –20% (773) 
• D2 –70% (718) 
• D3 –100% (220) 
 
Figure 6 Study area, with points representing approximate location of respondents 
(randomly distributed within zip codes to protect individual identities). U.S. Northern 
Great Plains region. U.S. Drought Monitor Status (July 26, 2016) indicates drought 
severity. See http://droughtmonitor.unl.edu for details. 
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  The 2016 post-drought survey was administered by the NDMC via the U.S. Postal 
Service in late 2016 to early 2017. A pre-survey letter was mailed to the survey sample in 
early November 2016, an initial survey was mailed in late November 2016, and a follow-
up survey was mailed in early January 2017. The pre-survey letter and each of the mailed 
surveys offered respondents the opportunity to take the survey online (Dillman, 2014). Of 
the 2,389 surveys that were mailed out, 71 were known to be refused, 245 were returned 
but not eligible (either not an agricultural producer or no livestock in operation), 1,819 
were not returned and had unknown eligibility, 4 were returned but with less than 50% of 
applicable questions answered (considered break-offs), and 250 were returned either 
partially or completely answered (more than 50% of applicable questions). Using 
American Association for Public Opinion Research (AAPOR) response rate #4, the 
response rate was calculated at 18% (The American Association for Public Opinion 
Research, 2011).  
The survey instrument was developed with the input of content and theory experts 
and pretested with agricultural extension personnel volunteers. Drafts of the 
questionnaires were pretested with agricultural extension personnel. Pre-testers were 
asked to attempt to answer the questions and provide written and verbal feedback on their 
interpretations of question wording and appropriateness of answer categories. Their 
feedback was incorporated into the final questionnaires. The questionnaire focused on the 
2016 drought, and included questions about timing of drought-related conditions as 
observed by the respondents, the types and timing of drought management actions that 
they took, the types and influence of drought monitoring information they used, and the 
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impacts they experienced. Specific question wording of variables included in the analysis 
is listed in Table 24.  
The survey produced four outcome measures of drought management actions 
taken and impacts experienced. First, the survey measured whether or not respondents 
took any of four general types of actions in response to drought, including: 1) purchasing 
more hay or feed than usual to supplement existing feed stocks; 2) grazing fall or winter 
pastures earlier than planned; 3) destocking pastures more than usual through culling, 
early weaning, ending grazing contracts, sending to feedlot, etc. of any livestock; and 4) 
culling and selling more breeding animals, specifically, than usual. If a respondent took 
none of the listed actions in 2016, they were considered to have not responded to the 
drought for the sake of this analysis. Second, if the respondent took action in any of the 
ways listed above, the survey measured in what month they began doing so (January – 
December 2016). Respondents who did not take an action were listed as missing for this 
variable. Third, the survey measured the respondent-reported impacts of the 2016 
drought, by percentage of yield or productivity lost (0-100%), in six areas: pasture hay 
yield, range productivity, range health or diversity, animal gain/productivity, net income 
of the operation, and cash reserves or savings.  Finally, the survey measured respondents’ 
perceptions as to whether they believed better information would have led them to 
respond differently, and whether responding differently would have led to different 
impacts.  
Measures of respondents’ observations of various conditions related to drought 
and the timing of their observations were examined as predictor variables of the actions 
taken and timing, but also examined as potential outcomes of use of drought early 
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warning information. The condition observations included: decreased topsoil moisture, 
delayed/lack of plant emergence, delayed/lack of plant growth, deteriorating range 
conditions, and decreased forage productivity. Respondents who indicated observing 
each condition were asked to report the month and day (of 2016) when they first 
observed the condition. For respondents who reported not observing a condition at all, 
their date of observing the condition was reported as 366, rather than as missing. 
The primary independent variables of interest in this analysis include respondents’ 
use, and perceived influence of, their own methods of monitoring drought, and their use, 
and perceived influence of, external sources of drought monitoring or early warning 
information. Measurement of on-farm monitoring and assessment was done by asking if 
respondents used on-farm rain gauges or soil moisture sensors and/or their own 
assessment of crop, range, and livestock conditions, and if so, how influential that 
information was in their ranch decision-making. Respondents’ use of early warning 
information was measured by asking them whether or not they used a list of common 
drought monitoring and forecasting resources including: The U.S. Department of 
Agriculture (USDA), National Weather Service (NWS) and the U.S. Drought Monitor, as 
well as more traditional information sources such as local extension and television or 
radio reports. The U.S. Drought Monitor is released weekly throughout the year, and is 
featured by news media outlets, included in extension and USDA publications, shared via 
social media, and accessed online. The NWS Climate Prediction Center provides 
temperature and precipitation outlooks, and monthly and seasonal drought outlooks. The 
USDA provides the Weekly Weather and Crop Bulletin, and local Extension offices 
provide drought information to producers through reports and presentations. If 
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respondents indicated using a source of information, they were asked how influential the 
information was in their ranch decision-making.  
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Table 24 Independent and dependent variables included in analyses, with question 
wording and answer categories 
Independent and 
dependent variables 
Question wording Answer categories 
Use and influence of 
drought monitoring 
information 
Do you consult any of the following sources for 
information on drought conditions? If yes, how 
influential are they to your farming/ranching 
management decisions? 
 On-farm rain gauge  
 Own assessment  
 Local extension resources  
 National Weather Service  
 U.S. Drought Monitor  
 USDA resources 
 Television/radio reports 
0 = not used 
1 = used but not 
influential 
2 = used and somewhat 
influential 
3 = used and very 
influential 
Conditions observed 
by respondents 
With regard to drought over the past year, please 
indicate whether or not each of the following 
conditions occurred on your land. If conditions 
occurred, tell us approximately when the 
condition first occurred during this drought.  
 Decreased topsoil moisture  
 Decreased subsoil moisture  
 Delayed or lack of plant emergence  
 Delayed or lack of plant growth  
 Deteriorating range conditions  
 Decreased forage productivity  
 (Yes/No) 
Day/Month 
Actions taken and 
mode month 
Please indicate whether or not you took each of the 
following actions on your farm in response to 
drought conditions in 2016. If yes, in what month 
did you begin taking each action?  
 Graze fall or winter pastures earlier than 
planned 
 Destock pastures more than usual 
 Purchase more supplemental hay/feed than 
usual                                     
 Cull and sell more breeding animals than 
usual  
 (Yes/No) 
Month 
Mean percent loss 
from 2016 drought 
How would you describe the effect of the 2016 
drought for each of the following? What percentage of 
your yield or productivity would you estimate was 
lost?  
 Pasture hay yield 
 Range productivity 
 Range health or diversity  
 Animal gain or productivity  
 Net income of operation  
 Cash reserves or savings  
Percent (0-100%) 
Would have acted 
earlier or differently, 
given earlier warning 
If you had received information earlier that told you 
when the 2016 drought was starting, would you have 
acted earlier or differently than you did this year?  
(No & I don’t know / 
Yes) 
Would have seen less 
harm, given different 
or earlier action 
If you had acted earlier or differently that you did this 
year, do you think you would have seen less harm to 
your operation?   
(No & I don’t know / 
Yes) 
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Drought Emergence and Severity 
 The median 3-month Standardized Precipitation Evapotranspiration Index (SPEI) 
for the months of October 2015 through June 2016 was used to represent measures of the 
overall dryness experienced by each survey respondent during the months that drive 
forage productivity in the region (Smart et al., 2007). The 3-month SPEI depicts the 
balance between precipitation and potential evapotranspiration over the previous 3 
months, calculated at weekly intervals, as described in Chapter 3 of Handbook of 
Drought Indicators and Indices (Svoboda & Fuchs, 2016). County-level weighted 
averages were computed using station-based historical data that were interpolated using 
inverse distance weighting, as described in Chapter 4.  
Statistical Analysis 
 Spearman rank (rho), a nonparametric measure of rank correlation, was used to 
assess relationships among independent variables and detect instances of collinearity 
(Gauthier, 2001). Regression models were used to determine variables that contributed to 
the prediction of outcome variables. Predictors of whether or not drought response 
actions were taken, as binary categorical outcomes, were examined using logistic 
regression models.  Predictors of the month respondents began taking action, as ordinal 
categorical outcomes, were examined using ordered logistic regressions (proportional 
odds models) (Hosmer, 1994). Predictors of the percent loss impact of drought were 
examined using linear regression models. Logical skip-patterns in data led to substantial 
missing data for variables measuring the timing of protective actions. Cases with missing 
data were eliminated from analysis using casewise deletion. Data were weighted to 
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account for unequal probability of being sampled, and stratification was accounted for in 
the analysis using the STATA “svy” method (Statacorps, 2009). Statistical significance 
was determined with a 95% confidence level at an alpha = 0.05. For the methods used in 
this study, 245 responses are adequate to obtain a power of 0.80, assuming small-to-
medium (~ 0.20) effect sizes (Cohen, 1992). Where skip patterns resulted in a lower n 
(i.e., the timing of protective actions), the analysis is only powerful enough to detect 
medium effect sizes (e.g., 0.30 and above), and may miss smaller effect size 
relationships. 
Results and Discussion 
Use/Influence of Early Warning Information 
 Managers were most likely to use (and be influenced by) their own assessments of 
conditions and on-farm monitoring such as use of a rain gauge. They were least likely to 
use local extension as a source of drought early warning information. Weighted and 
unweighted proportions of the use and influence of each source of information are listed 
in Table 25. Correlations among information-use variables are listed in Table 26. While 
the correlations are significant, examination of the Variance Inflation Factors among 
variables indicated no value over 2.50; thus, problematic levels of collinearity are not 
indicated. 
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Table 25 Weighted and Unweighted Proportions, Use and Influence of On-farm 
Monitoring/Assessment and Drought Early Warning Information 
 
Weighted 
 
Unweighted 
 
 
Proportion Std. Err. n Proportion Std. Err. n 
On-farm rain gauge  
      
not used 0.28 0.04 238 0.32 0.03 240 
used but not influential 0.06 0.02 
 
0.06 0.02 
 
used and somewhat influential 0.33 0.04 
 
0.36 0.03 
 
used and very influential 0.33 0.05 
 
0.26 0.03 
 
Own assessment  
      
not used 0.21 0.04 237 0.21 0.03 239 
used but not influential 0 0 
 
0.01 0.01 
 
used and somewhat influential 0.28 0.04 
 
0.24 0.03 
 
used and very influential 0.52 0.05 
 
0.54 0.03 
 
Local extension resources  
      
not used 0.76 0.04 238 0.71 0.03 240 
used but not influential 0.02 0.02 
 
0.02 0.01 
 
used and somewhat influential 0.19 0.03 
 
0.25 0.03 
 
used and very influential 0.03 0.02 
 
0.03 0.01 
 
National Weather Service  
      
not used 0.33 0.05 239 0.28 0.03 241 
used but not influential 0.03 0.02 
 
0.04 0.01 
 
used and somewhat influential 0.48 0.05 
 
0.5 0.03 
 
used and very influential 0.17 0.04 
 
0.18 0.02 
 
U.S. Drought Monitor  
      
not used 0.44 0.05 237 0.42 0.03 239 
used but not influential 0.09 0.03 
 
0.07 0.02 
 
used and somewhat influential 0.31 0.04 
 
0.36 0.03 
 
used and very influential 0.15 0.04 
 
0.15 0.02 
 
USDA resources 
      
not used 0.66 0.04 238 0.57 0.03 240 
used but not influential 0.03 0.02 
 
0.03 0.01 
 
used and somewhat influential 0.24 0.04 
 
0.33 0.03 
 
used and very influential 0.07 0.03 
 
0.07 0.02 
 
Television/radio reports 
      
not used 0.23 0.04 236 0.21 0.03 238 
used but not influential 0.06 0.02 
 
0.05 0.01 
 
used and somewhat influential 0.58 0.05 
 
0.57 0.03 
 
used and very influential 0.12 0.03 
 
0.16 0.02 
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Table 26 Correlations among Independent Variables, significance indicated at P < 0.05 
 
On-farm 
rain gauge 
Own 
assessment 
Local 
extension 
resources 
National 
Weather 
Service 
U.S. Drought 
Monitor 
USDA 
resources 
Own 
assessment 
0.34* 
     
Local extension 
resources 
0.18* 0.15* 
    
National 
Weather 
Service 
0.44* 0.21* 0.33* 
   
U.S. Drought 
Monitor 
0.33* 0.22* 0.32* 0.61* 
  
USDA 
resources 
0.19* 0.21* 0.49* 0.39* 0.44* 
 
Television/radio 
reports 
0.28* 0.08 0.21* 0.39* 0.20* 0.19* 
 
Observation of Drought Conditions, and Timing 
As the drought developed, a high proportion of managers observed decreased 
topsoil and subsoil moisture, delayed plant growth, deteriorating range conditions, and 
decreased forage productivity. In general, they observed decreased topsoil moisture 
earliest in 2016 and deteriorating range conditions latest in the year. There was not a 
great deal of variation among managers in whether or not they observed many drought 
conditions. However, there was variation in the timing of observing the conditions. 
Overall, managers observed decreased topsoil moisture earliest in 2016 and deteriorating 
range conditions latest.  In general, the timing of managers’ observations of drought 
conditions aligned with instrumental measures of the development of the 2016 drought, 
as reported in Otkin et al. (2018). Weighted and unweighted proportions of observing 
drought conditions and the mean date of observation are listed in Table 27. 
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Table 27 Weighted and Unweighted Proportions, Observation of Drought Conditions and 
Mean Date of Observation 
  Weighted    Unweighted   
 
Mean SE n 
 
Mean SE n 
Conditions observed by respondents (y/n)        
 
Decreased topsoil moisture  0.94 0.03 249 
 
0.97 0.01 251 
 
Decreased subsoil moisture  0.90 0.03 244 
 
0.93 0.02 246 
 
Delayed or lack of plant emergence  0.53 0.05 239 
 
0.69 0.03 241 
 
Delayed or lack of plant growth  0.85 0.07 247 
 
1.04 0.14 249 
 
Deteriorating range conditions  0.84 0.04 240 
 
0.91 0.02 242 
 
Decreased forage productivity  0.86 0.04 241 
 
0.91 0.02 243 
Mean date of observation 
       
 
Decreased topsoil moisture  148.33 4.40 242 
 
130.05 3.84 243 
 
Decreased subsoil moisture  159.92 4.54 228 
 
141.04 4.01 229 
 
Delayed or lack of plant emergence  148.94 5.42 166 
 
137.8 3.24 167 
 
Delayed or lack of plant growth  164.28 3.98 221 
 
149.15 2.62 222 
 
Deteriorating range conditions  179.17 3.89 220 
 
166.76 2.70 221 
 
Decreased forage productivity  175.46 3.25 220 
 
163.14 2.40 221 
 
Predictors of the Timing of Observing Drought Conditions 
 Drought severity between October 2015 and June 2016 contributed to the 
prediction of when managers first observed decreased topsoil and subsoil moisture, 
delayed plant growth, rangeland deterioration, and decreased forage productivity. The use 
of on-farm monitoring or early warning information improved the prediction of the 
timing of observing drought conditions, compared to a model including only drought 
severity. The use/influence of on-farm monitoring improved prediction of the timing of 
decreased topsoil moisture (Coeff. = -8.22, p = 0.05) and the prediction of the timing of 
observing delayed or lack of plant emergence (Coeff. = 23.66, p = 0.01). These might be 
considered more observable conditions, though the relationship with observed lack of 
plant emergence suggests later observations for those who use on-farm monitoring. The 
use/influence of the National Weather Service as a source of drought early warning 
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information improved prediction of the timing of decreased subsoil moisture (Coeff. = -
17.81, p = 0.02) and decreased forage productivity (Coeff. = -16.22, p = 0.02), and 
use/influence of USDA resources improved prediction of the timing of delayed plant 
growth (Coeff. = -15.60, p = 0.02). These conditions may be less directly observable by 
managers, requiring use of external warning information to alert them to conditions, or 
heightening their awareness of conditions developing. Tables 28-33 list nested and full 
models used to predict the timing of observations of drought conditions. 
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Table 28 OLS Linear Regression Prediction of Timing of Observations of Decreased Topsoil Moisture 
 
Drought-only 
  
On-farm assessment External info 
 
Full Model 
 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
SPEI 78.71 23.23 0.00 
 
71.14 20.91 0.00 
 
69.96 21.12 0.00 
 
66.27 20.02 0.00 
Use/influence on-farm monitoring 
    
-8.22 4.23 0.05 
     
-6.15 4.49 0.17 
Use/influence own assessment of conditions 
    
-9.37 6.47 0.15 
     
-7.92 6.36 0.21 
Use/influence local extension 
        
8.84 7.50 0.24 
 
8.67 7.25 0.23 
Use/influence NWS 
        
-11.33 7.03 0.11 
 
-7.41 7.16 0.30 
Use/influence U.S. Drought Monitor 
        
-1.20 5.96 0.84 
 
-0.12 6.20 0.98 
Use/influence USDA resources 
        
-8.76 5.16 0.09 
 
-8.44 5.26 0.11 
Use/influence TV/radio 
        
6.61 5.57 0.24 
 
6.28 5.32 0.24 
Number of obs 229 
   
229 
   
229 
   
229 
  
F(  1,   227) 11.48 
   
4.46 
   
2.53 
   
2.19 
  
Prob > F 0.00 
   
0.00 
   
0.02 
   
0.03 
  
R-squared 0.11 
   
0.16 
   
0.16 
   
0.19 
  
Root MSE 67.56 
   
65.95 
   
66.26 
   
65.50 
  
AIC 2581.40 
   
2572.34 
   
2577.42 
   
2574.05 
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Table 29 OLS Linear Regression Prediction of Timing of Observations of Decreased Subsoil Moisture 
 
Drought-only 
  
On-farm assessment External info 
 
Full Model 
 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
SPEI 97.77 24.14 0.00 
 
93.06 23.50 0.00 
 
87.20 23.00 0.00 
 
84.83 23.10 0.00 
Use/influence on-farm monitoring 
    
-3.75 5.18 0.47 
     
0.46 5.50 0.93 
Use/influence own assessment of conditions 
    
-5.78 6.96 0.41 
     
-3.88 6.85 0.57 
Use/influence local extension 
        
-0.16 7.93 0.98 
 
-0.19 7.91 0.98 
Use/influence NWS 
        
-17.81 7.28 0.02 
 
-17.28 7.52 0.02 
Use/influence U.S. Drought Monitor 
        
2.56 6.17 0.68 
 
2.21 6.47 0.73 
Use/influence USDA resources 
        
-1.33 5.82 0.82 
 
-0.87 6.05 0.89 
Use/influence TV/radio 
        
12.85 6.31 0.04 
 
12.29 6.37 0.06 
Number of obs 226 
   
226 
   
226 
   
226 
  
F(  1,   224) 16.41 
   
6.01 
   
3.40 
   
2.65 
  
Prob > F 0.00 
   
0.00 
   
0.00 
   
0.01 
  
R-squared 0.13 
   
0.14 
   
0.18 
   
0.19 
  
Root MSE 74.16 
   
73.98 
   
72.66 
   
72.87 
  
AIC 2589.77 
   
2590.64 
   
2585.43 
   
2588.65 
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Table 30 OLS Linear Regression Prediction of Timing of Observations of Delayed or Lack of Plant Emergence 
 
Drought-only 
  
On-farm assessment External info 
 
Full Model 
 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
SPEI 50.28 36.95 0.18 
 
50.27 36.72 0.17 
 
36.44 34.85 0.30 
 
31.35 33.92 0.36 
Use/influence on-farm monitoring 
    
6.97 10.28 0.50 
     
23.66 9.21 0.01 
Use/influence own assessment of conditions 
    
-0.25 10.52 0.98 
     
0.62 9.67 0.95 
Use/influence local extension 
        
10.95 13.92 0.43 
 
11.47 13.33 0.39 
Use/influence NWS 
        
-12.87 14.23 0.37 
 
-22.46 13.73 0.10 
Use/influence U.S. Drought Monitor 
        
-8.76 14.38 0.54 
 
-14.81 13.34 0.27 
Use/influence USDA resources 
        
-14.19 12.14 0.24 
 
-12.31 11.14 0.27 
Use/influence TV/radio 
        
5.81 10.41 0.58 
 
2.87 10.87 0.79 
Number of obs 219 
   
219 
   
219 
   
219 
  
F(  1,   217) 1.85 
   
0.87 
   
1.44 
   
2.77 
  
Prob > F 0.18 
   
0.46 
   
0.20 
   
0.01 
  
R-squared 0.02 
   
0.02 
   
0.07 
   
0.12 
  
Root MSE 112.37 
   
112.58 
   
110.32 
   
108.20 
  
AIC 2691.61 
   
2694.41 
   
2688.46 
   
2681.87 
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Table 31 OLS Linear Regression Prediction of Timing of Observations of Delayed or Lack of Plant Growth 
 
Drought-only 
  
On-farm assessment External info 
 
Full Model 
 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
SPEI 130.18 27.75 0.00 
 
126.37 29.91 0.00 
 
118.52 25.21 0.00 
 
115.43 26.96 0.00 
Use/influence on-farm monitoring 
    
-4.51 7.64 0.56 
     
3.39 7.63 0.66 
Use/influence own assessment of conditions 
    
-5.75 9.46 0.54 
     
-4.36 8.33 0.60 
Use/influence local extension 
        
-5.74 6.24 0.36 
 
-5.75 6.12 0.35 
Use/influence NWS 
        
-9.28 8.72 0.29 
 
-9.83 9.35 0.29 
Use/influence U.S. Drought Monitor 
        
1.97 10.10 0.85 
 
0.87 9.19 0.93 
Use/influence USDA resources 
        
-15.60 6.38 0.02 
 
-14.82 5.89 0.01 
Use/influence TV/radio 
        
-2.53 7.54 0.74 
 
-3.47 7.60 0.65 
Number of obs 228 
   
228 
   
228 
   
228 
  
F(  1,   226) 22.01 
   
7.88 
   
6.56 
   
5.00 
  
Prob > F 0.00 
   
0.00 
   
0.00 
   
0.00 
  
R-squared 0.19 
   
0.21 
   
0.27 
   
0.28 
  
Root MSE 78.99 
   
78.78 
   
75.92 
   
76.08 
  
AIC 2641.45 
   
2642.19 
   
2628.24 
   
2631.12 
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Table 32 OLS Linear Regression Prediction of Timing of Observations of Deteriorating Range Conditions 
 
Drought-only 
  
On-farm assessment External info 
 
Full Model 
 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
SPEI 87.47 25.83 0.00 
 
79.54 23.00 0.00 
 
81.91 25.09 0.00 
 
77.91 22.67 0.00 
Use/influence on-farm monitoring 
    
-12.41 7.19 0.09 
     
-10.07 7.27 0.17 
Use/influence own assessment of conditions 
    
-8.79 6.43 0.17 
     
-8.44 6.74 0.21 
Use/influence local extension 
        
14.41 7.50 0.06 
 
14.53 7.42 0.05 
Use/influence NWS 
        
-7.77 9.46 0.41 
 
-2.70 9.29 0.77 
Use/influence U.S. Drought Monitor 
        
-8.29 6.90 0.23 
 
-6.39 6.33 0.31 
Use/influence USDA resources 
        
-6.23 4.93 0.21 
 
-5.58 5.02 0.27 
Use/influence TV/radio 
        
2.58 11.22 0.82 
 
2.58 12.01 0.83 
Number of obs 222 
   
222 
   
222 
   
222 
  
F(  1,   220) 11.47 
   
6.58 
   
3.65 
   
3.70 
  
Prob > F 0.00 
   
0.00 
   
0.00 
   
0.00 
  
R-squared 0.11 
   
0.18 
   
0.17 
   
0.21 
  
Root MSE 71.81 
   
69.39 
   
70.26 
   
68.88 
  
AIC 2529.69 
   
2516.43 
   
2524.89 
   
2517.96 
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Table 33 OLS Linear Regression Prediction of Timing of Observations of Decreased Forage Production 
 
Drought-only 
  
On-farm assessment External info 
 
Full Model 
 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
SPEI 82.99 25.59 0.00 
 
79.01 25.88 0.00 
 
74.18 22.40 0.00 
 
69.01 22.08 0.00 
Use/influence on-farm monitoring 
    
-1.13 6.18 0.86 
     
9.83 6.52 0.13 
Use/influence own assessment of conditions 
    
-5.29 6.31 0.40 
     
-4.77 5.64 0.40 
Use/influence local extension 
        
7.14 5.90 0.23 
 
7.30 5.84 0.21 
Use/influence NWS 
        
-13.20 7.09 0.06 
 
-16.22 6.99 0.02 
Use/influence U.S. Drought Monitor 
        
-6.53 5.64 0.25 
 
-8.99 5.81 0.12 
Use/influence USDA resources 
        
-5.21 5.07 0.31 
 
-3.77 4.99 0.45 
Use/influence TV/radio 
        
3.25 6.20 0.60 
 
1.20 6.06 0.84 
Number of obs 223 
   
223 
   
223 
   
223 
  
F(  1,   221) 10.51 
   
3.80 
   
2.65 
   
2.28 
  
Prob > F 0.00 
   
0.01 
   
0.02 
   
0.02 
  
R-squared 0.11 
   
0.12 
   
0.19 
   
0.21 
  
Root MSE 68.64 
   
68.63 
   
66.24 
   
65.78 
  
AIC 2520.88 
   
2522.81 
   
2509.94 
   
2508.72 
  
 
 
105 
 
 
Drought Response 
 In response to the drought, managers took a number of protective actions and 
varied in the timing of their actions. Approximately 78% of managers took some type of 
management action in response to drought conditions, including purchasing supplemental 
hay or feed, early grazing fall or winter pastures, destocking the herd through any means, 
and selling breeding animals as a specific means to destock. Over half of managers 
destocked their pastures more than usual due to drought, through any culling, early 
weaning, ending grazing contracts, or sending livestock to feedlots.  Most respondents 
used multiple response strategies. Weighted and unweighted proportions taking action are 
listed in Table 34. 
Table 34 Weighted and Unweighted Proportions, Actions Taken 
 Weighted   Unweighted  
Actions Taken Mean SE n 
 
Mean SE n 
Graze fall or winter pastures earlier than planned 0.43 0.05 224 
 
0.57 0.03 225 
Destock pastures more than usual 0.53 0.05 228 
 
0.67 0.03 229 
Purchase more supplemental hay/feed than usual                                     0.5 0.05 224 
 
0.56 0.03 225 
Cull and sell more breeding animals than usual 0.34 0.04 221 
 
0.46 0.03 222 
Took none of these actions 0.22 0.04 235 
 
0.14 0.02 236 
 
Predictors of Respondents’ Drought Protective Action  
 The models that included drought severity, observing conditions, and 
use/influence of early warning provided the best prediction of whether or not managers 
purchased supplemental hay/feed or culled and sold breeding animals as a result of 
drought in 2016. Drought severity alone provided the best, most parsimonious prediction 
of destocking in 2016. None of the models predicted the use of early grazing better than 
the null (random) model. Tables 35-38 list nested and full models predicting whether or 
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not managers took each action. The full model also provided the best fit to the data of the 
22% of the respondents in this study who did not take any of the listed actions. Not taking 
any action was predicted by experiencing less dryness over the October 2015 - June 2016 
timeframe, not observing delayed plant growth or deteriorating range conditions, and not 
using the U.S. Drought Monitor (Table 39). These findings provide some evidence that 
respondents’ observations and use and influence of early warning information contributed 
to their awareness of the threat of drought, as predicted by the PADM (Lindell & Perry, 
2012).  
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Table 35 Logistic Regression Prediction of Timing of Beginning to Purchase More Supplemental Hay/Feed than Usual in 2016 
 
Drought-only 
  
Observed Conditions 
 
Early Warning 
 
Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
                
SPEI -3.12 1.07 0.00 
 
-3.35 1.07 0.00 
 
-4.23 1.16 0.00 
 
-4.37 1.19 0.00 
Observed decreased topsoil moisture (y/n) 
    
-1.3 0.95 0.17 
     
0.49 1.09 0.66 
Observed decreased subsoil moisture (y/n) 
    
-0.1 0.89 0.91 
     
-0.94 1.04 0.37 
Observed delayed/lack of plant emergence 
(y/n) 
    
1.33 0.55 0.01 
     
1.21 0.58 0.04 
Observed delayed/lack of plant growth (y/n) 
    
-0.09 0.06 0.11 
     
-0.06 0.05 0.19 
Observed deteriorating range conditions (y/n) 
    
0.66 0.95 0.49 
     
1.73 0.73 0.02 
Observed decreased forage productivity (y/n) 
    
-0.09 0.83 0.91 
     
-0.95 1.06 0.37 
Use/influence on-farm monitoring 
        
-0.08 0.24 0.74 
 
-0.04 0.25 0.88 
Use/influence own assessment of conditions 
        
-0.48 0.22 0.03 
 
-0.65 0.24 0.01 
Use/influence local extension 
        
-0.06 0.28 0.82 
 
0.13 0.28 0.65 
Use/influence NWS 
        
0.20 0.27 0.45 
 
0.25 0.27 0.36 
Use/influence U.S. Drought Monitor 
        
0.70 0.21 0.00 
 
0.59 0.20 0.00 
Use/influence USDA resources 
        
0.58 0.24 0.02 
 
0.45 0.27 0.10 
Use/influence TV/radio 
        
-0.50 0.21 0.02 
 
-0.8 0.31 0.01 
Number of obs 182 
   
182 
   
182 
   
182 
  
Wald chi2(1) 8.55 
   
25.87 
   
31.79 
   
46.07 
  
Prob > chi2 0.00 
   
0.00 
   
0.00 
   
0.00 
  
AIC 846.84 
   
797.01 
   
671.20 
   
640.02 
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Table 36 Logistic Regression Prediction of Grazing Fall or Winter Pastures Earlier than Planned in 2016 
 
Drought-only 
  
Observed Conditions 
 
Early Warning 
 
Full Model 
 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
SPEI -1.42 0.86 0.10 
 
-0.26 0.97 0.79 
 
-1.53 0.91 0.09 
 
-0.43 0.95 0.65 
Observed decreased topsoil moisture (y/n) 
    
-4.46 2.26 0.05 
     
-3.64 2.46 0.14 
Observed decreased subsoil moisture (y/n) 
    
-0.39 1.23 0.75 
     
-0.13 1.22 0.92 
Observed delayed/lack of plant emergence (y/n) 
    
0.24 0.56 0.67 
     
0.27 0.55 0.63 
Observed delayed/lack of plant growth (y/n) 
    
1.77 0.91 0.05 
     
2.17 0.94 0.02 
Observed deteriorating range conditions (y/n) 
    
2.60 1.20 0.03 
     
3.47 1.40 0.01 
Observed decreased forage productivity (y/n) 
    
1.14 1.06 0.28 
     
0.96 0.94 0.31 
Use/influence on-farm monitoring 
        
-0.28 0.24 0.24 
 
-0.33 0.25 0.18 
Use/influence own assessment of conditions 
        
0.15 0.18 0.40 
 
-0.4 0.23 0.09 
Use/influence local extension 
        
-0.15 0.28 0.59 
 
0.06 0.29 0.84 
Use/influence NWS 
        
-0.23 0.30 0.43 
 
-0.15 0.32 0.65 
Use/influence U.S. Drought Monitor 
        
0.08 0.26 0.77 
 
-0.07 0.27 0.81 
Use/influence USDA resources 
        
0.48 0.26 0.07 
 
0.26 0.28 0.35 
Use/influence TV/radio 
        
0.16 0.23 0.49 
 
-0.33 0.32 0.31 
Number of obs 184 
   
184 
   
184 
   
184 
  
Wald chi2(1) 2.72 
   
9.92 
   
10.00 
   
20.28 
  
Prob > chi2 0.10 
   
0.19 
   
0.27 
   
0.12 
  
AIC 917.96 
   
788.16 
   
882.47 
   
727.26 
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Table 37 Logistic Regression Prediction of Destocking Pastures More than Usual in 2016 
 
Drought-only 
  
Observed Conditions 
 
Early Warning 
 
Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
SPEI -1.86 0.88 0.03 
 
-1.46 0.95 0.12 
 
-1.84 0.90 0.04 
 
-1.46 0.9 0.11 
Observed decreased topsoil moisture (y/n) 
    
-3.48 1.87 0.06 
     
-4.19 2.05 0.04 
Observed decreased subsoil moisture (y/n) 
    
2.52 1.76 0.15 
     
3.03 1.98 0.13 
Observed delayed/lack of plant emergence (y/n) 
    
0.43 0.54 0.43 
     
0.42 0.51 0.41 
Observed delayed/lack of plant growth (y/n) 
    
1.19 0.89 0.18 
     
1.3 1.02 0.20 
Observed deteriorating range conditions (y/n) 
    
1.42 0.95 0.13 
     
1.36 0.81 0.09 
Observed decreased forage productivity (y/n) 
    
-1.55 1.13 0.17 
     
-1.79 1.36 0.19 
Use/influence on-farm monitoring 
        
0.03 0.25 0.91 
 
0.01 0.23 0.97 
Use/influence own assessment of conditions 
        
-0.04 0.18 0.83 
 
0.03 0.21 0.89 
Use/influence local extension 
        
-0.02 0.28 0.95 
 
-0.03 0.29 0.93 
Use/influence NWS 
        
-0.26 0.28 0.35 
 
-0.28 0.28 0.32 
Use/influence U.S. Drought Monitor 
        
0.25 0.28 0.39 
 
0.26 0.24 0.27 
Use/influence USDA resources 
        
-0.01 0.24 0.97 
 
-0.09 0.24 0.71 
Use/influence TV/radio 
        
0.24 0.21 0.26 
 
0.34 0.26 0.20 
Number of obs 183 
   
183 
   
183 
   
183 
  
Wald chi2(1) 4.49 
   
13.40 
   
8.04 
   
18.47 
  
Prob > chi2 0.03 
   
0.06 
   
0.43 
   
0.19 
  
AIC 944.35 
   
885.20 
   
936.54 
   
876.09 
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Table 38 Logistic Regression Prediction of Culling and Selling More Breeding Animals than Usual in 2016 
 
Drought-only 
  
Observed 
Conditions 
 
Early Warning 
 
Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
SPEI -1.56 0.89 0.08 
 
-1.94 1.11 0.08 
 
-2.55 0.96 0.01 
 
-2.44 1.00 0.01 
Observed decreased topsoil moisture (y/n) 
    
0 (omitted) 
     
0.00 (omitted) 
Observed decreased subsoil moisture (y/n) 
    
-2.83 1.06 0.01 
     
-2.59 1.09 0.02 
Observed delayed/lack of plant emergence (y/n) 
    
1.12 0.60 0.06 
     
1.09 0.51 0.03 
Observed delayed/lack of plant growth (y/n) 
    
-0.60 0.88 0.49 
     
-0.81 0.73 0.27 
Observed deteriorating range conditions (y/n) 
    
1.25 0.69 0.07 
     
2.30 0.76 0.00 
Observed decreased forage productivity (y/n) 
    
0.86 0.82 0.29 
     
0.53 0.78 0.50 
Use/influence on-farm monitoring 
        
-0.19 0.24 0.44 
 
-0.13 0.23 0.58 
Use/influence own assessment of conditions 
        
-0.50 0.19 0.01 
 
-0.52 0.2 0.01 
Use/influence local extension 
        
0.20 0.27 0.45 
 
0.52 0.29 0.07 
Use/influence NWS 
        
-0.03 0.32 0.92 
 
0.05 0.32 0.89 
Use/influence U.S. Drought Monitor 
        
0.13 0.25 0.59 
 
0.00 0.24 0.99 
Use/influence USDA resources 
        
0.57 0.25 0.02 
 
0.45 0.26 0.08 
Use/influence TV/radio 
        
-0.08 0.22 0.72 
 
-0.11 0.28 0.68 
Number of obs 181 
   
176 
   
181 
   
176 
  
Wald chi2(1) 3.12 
   
14.64 
   
19.46 
   
32.57 
  
Prob > chi2 0.08 
   
0.02 
   
0.01 
   
0.00 
  
AIC 933.28 
   
771.55 
   
772.93 
   
683.25 
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Table 39 Logistic Regression Prediction of Taking No Action in 2016 
 Drought-only   Observed Conditions  Early Warning   Full Model  
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
SPEI 2.77 0.99 0.01 
 
3.26 1.15 0.00 
 
3.77 1.28 0.00 
 
4.64 1.77 0.01 
Observed decreased topsoil moisture (y/n) 
    
2.45 1.43 0.09 
     
1.77 1.55 0.25 
Observed decreased subsoil moisture (y/n) 
    
-0.96 1.31 0.46 
     
-1.51 1.45 0.30 
Observed delayed/lack of plant emergence (y/n) 
    
0.23 0.94 0.81 
     
0.57 0.75 0.45 
Observed delayed/lack of plant growth (y/n) 
    
-1.43 1.05 0.17 
     
-2.91 1.28 0.02 
Observed deteriorating range conditions (y/n) 
    
-2.45 0.82 0.00 
     
-3.07 0.93 0.00 
Observed decreased forage productivity (y/n) 
    
-0.36 1.20 0.77 
     
-0.86 0.96 0.37 
Use/influence on-farm monitoring 
        
-0.39 0.27 0.15 
 
-0.19 0.34 0.59 
Use/influence own assessment of conditions 
        
-0.30 0.18 0.10 
 
0.38 0.24 0.11 
Use/influence local extension 
        
0.37 0.42 0.38 
 
0.19 0.40 0.64 
Use/influence NWS 
        
0.44 0.39 0.25 
 
1.12 0.65 0.08 
Use/influence U.S. Drought Monitor 
        
-1.02 0.40 0.01 
 
-1.24 0.46 0.01 
Use/influence USDA resources 
        
-0.22 0.38 0.57 
 
0.17 0.36 0.65 
Use/influence TV/radio 
        
-0.05 0.24 0.85 
 
0.95 0.50 0.06 
Number of obs 190 
   
190 
   
190 
   
190 
  
Wald chi2(1) 7.87 
   
44.82 
   
31.19 
   
29.82 
  
Prob > chi2 0.01 
   
0.00 
   
0.00 
   
0.01 
  
AIC 904.107 
   
474.320 
   
559.761 
   
375.754 
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The Timing of Respondents’ Drought Protective Action 
 The majority of managers did not begin responding to the drought until the fall of 
2016, even if the drought had emerged several months earlier (Table 40). The primary 
months to begin destocking in 2016 were July through October, near the traditional time 
for working and weaning cattle. Of the estimated 50% of managers who purchased 
supplemental hay or feed in 2016, the primary months to begin were July, September, 
and October 2016. Forty-three percent grazed fall/winter pastures early, largely beginning 
in August. Approximately 34% of managers culled their breeding herd, with the large 
proportion beginning in October 2016.  
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Table 40 Weighted and Unweighted Proportions, Month of Beginning to Take Action 
 
Weighted 
 
Unweighted 
 
 
Proportion Std. Err. n Proportion Std. Err. n 
Purchase more supplemental hay/feed than usual 
    
February 0.05 0.05 112 0.01 0.01 113 
March 0.02 0.02 
 
0.01 0.01 
 
April 0.05 0.05 
 
0.01 0.01 
 
May 0.00 0.00 
 
0.01 0.01 
 
June 0.07 0.02 
 
0.12 0.03 
 
July 0.20 0.07 
 
0.12 0.03 
 
August 0.08 0.02 
 
0.15 0.03 
 
September 0.18 0.06 
 
0.19 0.04 
 
October 0.19 0.06 
 
0.24 0.04 
 
November 0.11 0.05 
 
0.11 0.03 
 
December 0.06 0.05 
 
0.04 0.02 
 
Graze fall or winter pastures earlier than planned 
    
June 0.02 0.01 111 0.04 0.02 111 
July 0.05 0.02 
 
0.07 0.02 
 
August 0.19 0.04 
 
0.24 0.04 
 
September 0.42 0.06 
 
0.35 0.05 
 
October 0.24 0.06 
 
0.19 0.04 
 
November 0.08 0.03 
 
0.10 0.03 
 
December 0.00 0.00 
 
0.01 0.01 
 
Destock pastures more than usual 
    
April 0.00 0.00 97 0.01 0.01 98 
May 0.04 0.02 
 
0.05 0.02 
 
June 0.04 0.02 
 
0.09 0.03 
 
July 0.26 0.07 
 
0.12 0.03 
 
August 0.22 0.06 
 
0.20 0.04 
 
September 0.22 0.07 
 
0.20 0.04 
 
October 0.19 0.06 
 
0.24 0.04 
 
November 0.02 0.01 
 
0.06 0.02 
 
December 0.00 0.00 
 
0.01 0.01 
 
Cull and sell more breeding animals than usual 
    
March 0.01 0.01 74 0.01 0.01 74 
April 0.01 0.01 
 
0.01 0.01 
 
May 0.04 0.03 
 
0.04 0.02 
 
June 0.03 0.02 
 
0.03 0.02 
 
July 0.12 0.07 
 
0.08 0.03 
 
August 0.15 0.08 
 
0.12 0.04 
 
September 0.16 0.05 
 
0.16 0.04 
 
October 0.29 0.09 
 
0.26 0.05 
 
November 0.08 0.02 
 
0.18 0.04 
 
December 0.11 0.07 
 
0.11 0.04 
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Predictors of the Timing of Drought Response 
The timing of observed conditions contributed to predicting the month that 
managers began purchasing supplemental hay or feed and began early grazing fall/winter 
pastures. In addition, the use of on-farm monitoring (i.e., rain gauge) or assessments of 
conditions contributed to the prediction of the timing of all of the actions, and the use of 
early warning information from sources such as the National Weather Service (NWS) or 
the U.S. Department of Agriculture contributed to predicting the month that managers 
began early grazing, destocking in general, and selling breeding animals. Use of on-farm 
and external early warning information was associated with both earlier and later timing, 
depending on the specific action. As would be predicted, doing one’s own assessment of 
conditions was associated with earlier purchases, destocking, and culling breeding 
animals, but use of on-farm monitoring (rain gauge or soil moisture) was associated with 
later start dates of early grazing fall/winter pastures and destocking, if no other sources of 
information were used. It is possible that those relying only on their own precipitation 
and moisture sensors missed cues or vital information provided through other means, or 
that there are other explanations for these findings. Further, use of the NWS was 
associated with earlier destocking dates but later culling/selling breeding animals, if no 
other sources of information were used. Thus, rather than assume early warning 
motivates earlier behavior, it may be necessary to understand the strategy of the timing of 
each behavior before determining whether it is adaptive or not. Tables 41-44 list nested 
and full models predicting the timing of beginning each action. 
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Table 41 Ordered Logistic Regression Prediction of Timing of Purchasing More Supplemental Hay/Feed than Usual in 2016 
 
Drought-
only 
  
Timing Observed 
Conditions 
 
Early Warning 
 
Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
SPEI 4.21 1.57 0.01 
 
4.00 2.06 0.05 
 
3.57 1.56 0.02 
 
3.45 1.82 0.06 
Timing of decreased topsoil moisture 
    
0.01 0.01 0.17 
     
0.01 0.01 0.38 
Timing of decreased subsoil moisture 
    
-0.01 0.01 0.21 
     
0.00 0.01 0.71 
Timing of delayed/lack of plant emergence 
    
0.00 0.00 0.95 
     
0.00 0.00 0.66 
Timing of delayed/lack of plant growth 
    
0.00 0.00 0.75 
     
0.00 0.01 0.57 
Timing of deteriorating range conditions 
    
0.01 0.00 0.00 
     
0.01 0.01 0.04 
Timing of decreased forage productivity 
    
-0.01 0.01 0.21 
     
-0.01 0.01 0.04 
Use/influence on-farm monitoring 
        
0.04 0.24 0.87 
 
0.20 0.25 0.42 
Use/influence own assessment of conditions 
        
-0.63 0.22 0.00 
 
-0.77 0.30 0.01 
Use/influence local extension 
        
0.55 0.33 0.1 
 
0.44 0.35 0.21 
Use/influence NWS 
        
0.25 0.47 0.59 
 
-0.01 0.52 0.98 
Use/influence U.S. Drought Monitor 
        
0.31 0.34 0.36 
 
0.13 0.28 0.65 
Use/influence USDA resources 
        
0.22 0.24 0.34 
 
0.20 0.25 0.43 
Use/influence TV/radio 
        
-0.30 0.32 0.35 
 
0.07 0.35 0.84 
Number of obs 95 
   
95 
   
95 
   
95 
  
Wald chi2(1) 7.22 
   
29.04 
   
28.17 
   
50.59 
  
Prob > chi2 0.01 
   
0.00 
   
0.00 
   
0.00 
  
Pseudo R2 0.07 
   
0.12 
   
0.14 
   
0.18 
  
AIC 1137.92 
   
1086.94 
   
1069.37 
   
1031.05 
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Table 42 Ordered Logistic Regression Prediction of Timing of Grazing Fall or Winter Pastures Earlier than Planned 
 
Drought-only 
  
Timing Observed 
Conditions 
 
Early Warning 
 
Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
SPEI 1.36 0.84 0.11 
 
1.01 0.75 0.18 
 
2.79 0.83 0.00 
 
1.84 0.75 0.01 
Timing of decreased topsoil moisture 
    
0.02 0.00 0.00 
     
0.01 0.00 0.01 
Timing of decreased subsoil moisture 
    
-0.01 0.00 0.01 
     
-0.01 0.00 0.22 
Timing of delayed/lack of plant emergence 
    
0.00 0.00 0.61 
     
0.00 0.00 0.64 
Timing of delayed/lack of plant growth 
    
0.01 0.00 0.00 
     
0.01 0.00 0.00 
Timing of deteriorating range conditions 
    
-0.01 0.01 0.17 
     
-0.01 0.01 0.02 
Timing of decreased forage productivity 
    
0.01 0.01 0.38 
     
0.01 0.01 0.12 
Use/influence on-farm monitoring 
        
0.60 0.20 0.00 
 
0.66 0.22 0.00 
Use/influence own assessment of conditions 
        
-0.10 0.24 0.68 
 
-0.12 0.31 0.70 
Use/influence local extension 
        
0.32 0.25 0.20 
 
0.41 0.29 0.15 
Use/influence NWS 
        
0.98 0.32 0.00 
 
0.55 0.41 0.18 
Use/influence U.S. Drought Monitor 
        
-0.61 0.29 0.04 
 
-0.49 0.30 0.10 
Use/influence USDA resources 
        
-0.68 0.31 0.03 
 
-0.60 0.28 0.03 
Use/influence TV/radio 
        
0.02 0.20 0.94 
 
0.02 0.20 0.94 
Number of obs 97 
   
97 
   
97 
   
97 
  
Wald chi2(1) 2.62 
   
32.47 
   
20.47 
   
37.50 
  
Prob > chi2 0.11 
   
0.00 
   
0.01 
   
0.00 
  
Pseudo R2 0.01 
   
0.10 
   
0.10 
   
0.16 
  
AIC 757.22 
   
705.40 
   
706.63 
   
673.99 
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Table 43 Ordered Logistic Regression Prediction of Timing of Destocking Pastures More than Usual in 2016 
 
Drought-only 
  
Timing Observed 
Conditions 
 
Early Warning 
 
Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
SPEI -0.24 1.16 0.84 
 
-0.10 1.34 0.94 
 
-1.32 0.85 0.12 
 
-2.42 0.85 0.00 
Timing of decreased topsoil moisture 
    
0.00 0.01 0.39 
     
0.01 0.01 0.13 
Timing of decreased subsoil moisture 
    
0.00 0.01 0.94 
     
0.00 0.01 0.89 
Timing of delayed/lack of plant emergence 
    
0.00 0.00 0.53 
     
0.00 0.00 0.14 
Timing of delayed/lack of plant growth 
    
0.00 0.01 0.73 
     
0.00 0.01 0.82 
Timing of deteriorating range conditions 
    
0.00 0.01 0.83 
     
-0.01 0.01 0.25 
Timing of decreased forage productivity 
    
0.00 0.00 0.49 
     
0.00 0.00 0.42 
Use/influence on-farm monitoring 
        
0.42 0.27 0.12 
 
0.80 0.39 0.04 
Use/influence own assessment of conditions 
        
-0.70 0.31 0.02 
 
-0.99 0.35 0.01 
Use/influence local extension 
        
0.15 0.23 0.50 
 
0.25 0.33 0.46 
Use/influence NWS 
        
-0.58 0.36 0.11 
 
-0.93 0.32 0.00 
Use/influence U.S. Drought Monitor 
        
0.44 0.25 0.08 
 
0.32 0.31 0.30 
Use/influence USDA resources 
        
0.28 0.19 0.13 
 
0.38 0.28 0.18 
Use/influence TV/radio 
        
0.53 0.35 0.13 
 
0.68 0.39 0.08 
Number of obs 86 
   
86 
   
86 
   
86 
  
Wald chi2(1) 0.04 
   
4.83 
   
20.20 
   
28.71 
  
Prob > chi2 0.84 
   
0.68 
   
0.01 
   
0.01 
  
Pseudo R2 0.00 
   
0.02 
   
0.08 
   
0.12 
  
AIC 1199.62 
   
1192.80 
   
1117.40 
   
1080.74 
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Table 44 Ordered Logistic Regression Prediction of Timing of Culling and Selling More Breeding Animals than Usual in 2016 
 
Drought-only 
  
Timing Observed 
Conditions 
 
Early Warning 
 
Full Model 
 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
 
Coef. SE P>z 
SPEI -0.04 1.61 0.98 
 
-0.27 1.35 0.84 
 
0.45 1.22 0.71 
 
-0.07 1.22 0.95 
Timing of decreased topsoil moisture 
    
0.00 0.01 0.78 
     
-0.01 0.01 0.16 
Timing of decreased subsoil moisture 
    
0.00 0.01 0.71 
     
0.00 0.01 0.81 
Timing of delayed/lack of plant emergence 
    
0.00 0.00 0.37 
     
0.00 0.00 0.31 
Timing of delayed/lack of plant growth 
    
0.01 0.00 0.11 
     
0.00 0.01 0.64 
Timing of deteriorating range conditions 
    
0.01 0.01 0.64 
     
0.00 0.01 0.80 
Timing of decreased forage productivity 
    
0.00 0.01 0.53 
     
0.01 0.01 0.30 
Use/influence on-farm monitoring 
        
0.30 0.22 0.17 
 
0.40 0.27 0.14 
Use/influence own assessment of conditions 
        
-0.42 0.19 0.03 
 
-0.48 0.22 0.03 
Use/influence local extension 
        
-0.33 0.63 0.60 
 
-0.20 0.79 0.80 
Use/influence NWS 
        
1.22 0.53 0.02 
 
1.36 0.53 0.01 
Use/influence U.S. Drought Monitor 
        
-0.24 0.20 0.25 
 
-0.33 0.26 0.21 
Use/influence USDA resources 
        
0.21 0.41 0.61 
 
-0.04 0.51 0.94 
Use/influence TV/radio 
        
-0.13 0.47 0.78 
 
-0.24 0.50 0.63 
Number of obs 62 
   
62 
   
62 
   
62 
  
Wald chi2(1) 0.00 
   
4.91 
   
17.33 
   
16.80 
  
Prob > chi2 0.98 
   
0.67 
   
0.03 
   
0.27 
  
Pseudo R2 0.00 
   
0.01 
   
0.10 
   
0.13 
  
AIC 716.49 
   
718.82 
   
663.26 
   
654.96 
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Relationship between the Timing of Protective Action and Impacts 
 Individuals varied in the losses that they experienced as a result of the 2016 
drought event. On average, the largest percentage losses were to pasture hay yield and 
range productivity and the smallest percentage losses were to livestock gain/productivity. 
After the 2016 drought event, an estimated 32% of all managers would have acted earlier 
or differently if they had had information earlier that drought was emerging, and 30% 
thought they would have seen less harm had they acted earlier or differently (Table 45). 
Table 45 Weighted and Unweighted Mean Percentages, Standard Deviations, and 
Number of Observations of Losses Due to 2016 and Percent of Managers who Would 
have Acted Differently with Earlier Information and Believed They Would Have Seen 
Less Harm 
  Weighted    Unweighted   
  Mean SE n  Mean SE n 
Mean percent loss from 2016 drought 
       
 
Pasture hay yield 55.25 3 188 
 
68.54 2.14 189 
 
Range productivity 42.17 2.1 171 
 
51.46 1.74 172 
 
Range health or diversity  37.22 3.59 111 
 
46.25 2.59 111 
 
Animal gain or productivity  15.02 2.68 112 
 
17.12 1.64 113 
 
Net income of operation  34.25 2.5 175 
 
35.73 1.54 176 
 
Cash reserves or savings  32.12 4.08 119 
 
30.93 2.31 120 
  
Proportion SE n  Proportion SE n  
Would have acted differently with earlier info 0.32 0.05 241 
 
0.28 0.03 243 
 
Would have seen less harm with different action 0.30 0.05 112 
 
0.25 0.03 241 
         
The relationship between the timing of action and impacts differed when using 
weighted vs. unweighted data.  In the unweighted data analysis, the timing of action was 
useful in predicting some impacts. The timing of destocking was related to the percentage 
loss of range productivity and to range health and diversity, with those destocking later 
reporting greater losses. The timing of buying supplemental feed was correlated with loss 
of cash reserves or savings and loss of animal gain or productivity—those who started 
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purchasing supplemental feed later in the year also experienced smaller losses to their 
savings and animal gain. In the weighted data analysis, however, later purchases of 
supplemental hay/feed predicted greater losses to pasture hay yield in addition to smaller 
losses to animal productivity, and later selling of breeding animals predicted greater 
losses to cash reserves or savings. Models predicting losses based on drought severity 
(SPEI) and the timing of actions, using weighted data, are listed in Table 46. 
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Table 46 OLS Regression Models Predicting Losses to Pasture Hay Yield, Range Productivity, Range Health, Animal Productivity, 
Net Income, and Cash Savings based on Drought Severity (SPEI) and the Timing of Action (Listed at Left) 
  Pasture Hay Yield  Range 
Productivity 
 Range Health  Animal Productivity  Net Income  Cash Savings 
 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
 
Coef. SE P>t 
Timing Purchase Suppl. Feed 4.25 1.68 0.01 
 
0.52 1.27 0.68 
 
2.66 2.57 0.31 
 
-3.44 1.05 0.00 
 
0.33 2.22 0.88 
 
-3.04 2.61 0.25 
 SPEI -22.90 20.61 0.27 
 
-21.32 11.37 0.06 
 
-60.71 26.08 0.02 
 
-19.19 9.94 0.06 
 
-1.98 15.36 0.90 
 
27.90 24.64 0.26 
 Number of obs 104 
   
91 
   
60 
   
60 
   
87 
   
59 
  
 F(   2,     99) 3.43 
   
1.77 
   
3.48 
   
5.58 
   
0.01 
   
1.24 
  
 Prob > F 0.04 
   
0.18 
   
0.04 
   
0.01 
   
0.99 
   
0.30 
  
 R-squared 0.14 
   
0.07 
   
0.15 
   
0.27 
   
0.00 
   
0.07 
  
Timing Early Graze 0.96 2.65 0.72 
 
-0.38 2.28 0.87 
 
0.01 3.24 1.00 
 
0.19 2.58 0.94 
 
0.00 1.63 1.00 
 
-5.14 3.05 0.10 
 SPEI -34.88 17.06 0.04 
 
-15.01 14.02 0.29 
 
-11.10 18.20 0.54 
 
-10.72 7.88 0.18 
 
7.48 10.62 0.48 
 
6.22 23.46 0.79 
 Number of obs 1030 
   
97 
   
63 
   
63 
   
91 
   
58 
  
 F(   2,     98) 2.12 
   
0.61 
   
0.18 
   
2.00 
   
0.32 
   
1.46 
  
 Prob > F 0.13 
   
0.54 
   
0.83 
   
0.15 
   
0.72 
   
0.24 
  
 R-squared 0.10 
   
0.04 
   
0.01 
   
0.04 
   
0.01 
   
0.03 
  
Timing Destock 2.94 2.64 0.27 
 
1.92 2.31 0.41 
 
1.92 3.96 0.63 
 
-1.52 2.88 0.60 
 
0.68 2.25 0.76 
 
3.89 4.61 0.40 
 SPEI -29.92 16.86 0.08 
 
-9.58 12.21 0.44 
 
-17.06 23.48 0.47 
 
-16.62 13.29 0.22 
 
14.08 9.63 0.15 
 
22.52 20.12 0.27 
 Number of obs 88 
   
85 
   
60 
   
58 
   
77 
   
51 
  
 F(   2,     83) 3.33 
   
0.49 
   
0.32 
   
0.94 
   
1.05 
   
1.03 
  
 Prob > F 0.04 
   
0.62 
   
0.73 
   
0.40 
   
0.35 
   
0.37 
  
 R-squared 0.09 
   
0.03 
   
0.03 
   
0.06 
   
0.04 
   
0.07 
  
Timing Sell Breeding Animals -0.10 1.41 0.95 
 
1.99 1.26 0.12 
 
-1.72 2.24 0.45 
 
0.82 2.83 0.77 
 
1.31 1.58 0.41 
 
7.85 2.03 0.00 
 SPEI -52.82 17.44 0.00 
 
-26.71 14.80 0.08 
 
-53.56 8.93 0.00 
 
-2.93 14.20 0.84 
 
2.08 9.42 0.83 
 
11.20 14.21 0.44 
 Number of obs 71 
   
67 
   
44 
   
45 
   
59 
   
43 
  
 F(   2,     66) 4.53 
   
2.73 
   
17.69 
   
0.10 
   
0.39 
   
7.31 
  
 Prob > F 0.01 
   
0.07 
   
0.00 
   
0.91 
   
0.68 
   
0.00 
  
 R-squared 0.27 
   
0.17 
   
0.30 
   
0.01 
   
0.01 
   
0.20 
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Conclusion 
 From this study, it is clear that on-farm monitoring and assessment, as well as 
sources of early warning of drought conditions, act as a source of adaptive capacity for 
rangeland managers making decisions during drought. The timing of each of the actions 
included in this study could be predicted, in part, by managers’ use and level of influence 
of their own on-farm precipitation monitoring and/or assessments of conditions on their 
ranches. In addition, early warning from the National Weather Service and the U.S. 
Department of Agriculture may have provided cues to managers to be vigilant for the 
development of drought conditions, whose existence then predicted many of the actions 
that were taken during the 2016 drought. But other factors not considered in this study 
may be important as well. The individual’s assessment of the likelihood and severity of 
harm they face may also be influenced by their past experience with the hazard (Saarinen, 
1966), their individual sensitivity to harm, their reliance on public adaptation or support, 
and cognitive biases that influence their assessment (Grothmann & Patt, 2005). 
 On the other hand, the relationship between drought management actions and 
impacts is not definitively clarified in this study. While the measurement of actions and 
impacts was improved in the 2016 survey compared to the 2014 survey, it is possible that 
the small n and large differences in probability of selection between strata resulted in 
unstable findings that differ significantly between the weighted and the unweighted 
analysis. 
 This study suggests opportunities for improved adaptive capacity for drought 
management through the development of improved drought early warning information 
that clearly links emerging drought conditions with expected impacts and actions that can 
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be taken to minimize those impacts. The study also provides evidence to support efforts 
to increase on-farm assessment of conditions as a strategy for increasing managers’ 
capacity to adapt to future drought events. The study provides evidence of opportunities 
to use such tools in concert with drought early warning information to improve the timing 
of rangeland managers’ drought responses and the outcomes of drought management. 
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CHAPTER 6: RANGELAND MANAGERS’ RESOURCES, PLANS, AND 
PERCEPTIONS AS ADAPTIVE CAPACITY 
Introduction 
Future climate events may place greater demands on agricultural managers to 
quickly respond and make effective decisions to manage climate risk. These challenges 
will require investments in their capacity to make modifications to their ranching systems 
before, during, and after major and unpredictable climate events. Chapter 4 examined 
objective sources of adaptive capacity for rangeland decision-making during drought, and 
Chapter 5 examined early warning information as a source of adaptive capacity using a 
cognitive model of decision-making leading to protective action. This chapter continues 
the focus on the cognitive aspects of adaptive capacity, exploring the relationship 
between objective and subjective sources of adaptive capacity, including the role of 
having a drought plan. 
  As described in Chapter 1, there has been little research on the cognitive factors 
that affect rangeland managers’ approaches to drought management. Wilmer et al. 
(2015), based on a qualitative study using interview data, found that managers’ short- 
versus long-term outlook, learning, and interest in experimentation underlie various 
approaches to drought management. McClaren et al. (2015) found that subjective 
perceptions of capacity were useful for predicting managers’ perceptions of being 
prepared for drought, but did not attempt to link perceived capacity to actual drought 
response. Marshall and Smajgl (2013) suggested that the ability to manage risk, ability to 
plan and learn, emotional and financial flexibility, and interest in adapting to change are 
important sources of adaptive capacity. 
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This study examines factors that may explain managers’ protective action 
decision-making. Do managers who act earlier perceive their situations differently from 
those who act later?  Do they have access to resources that enable earlier action? 
Identification of key variables associated with protective (and non-protective) action, 
learning, and adaptation after a drought event is understudied but important to future 
efforts to support drought risk management. 
Literature Review 
The research is framed in the literature of protective action decision-making, 
which predicts adaptive behavior based on theory-informed joint appraisals of threats and 
coping ability (Lindell & Perry, 2012; Rogers & Prentice-Dunn, 1986). While the 
Protective Action Decision Model (PADM) is used to guide the analysis in Chapter 5, 
this study uses a related model called the Model of Private Proactive Adaptation to 
Climate Change (MPPACC). The MPPACC is uniquely useful for this investigation due 
to its attention to the role of perceived and objective adaptive capacity in predicting 
managers’ likelihood of taking proactive adaption to a perceived risk (Grothmann & Patt, 
2005).  The model has been applied to climate change adaptation (Dang et al., 2014; 
Grothmann & Patt, 2005), water management (Kuruppu & Liverman, 2011), and drought 
adaptation (Gebrehiwot & van der Veen, 2015; Keshavarz & Karami, 2016).  
Perceived and objective adaptive capacity may play a role in the use and influence 
of early warning messages, which is central to the PADM. In Chapter 5, it was found that 
the use of on-farm monitoring and assessments as well as use of drought early warning 
information sources were useful in predicting both the timing of when managers began 
observing drought conditions and the timing of when they began taking action to protect 
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themselves from drought impacts. However, there was significant variation in the degree 
to which managers used and were influenced by different information sources. Managers’ 
perceptions of their own capacity to adapt and the resources that provide objective 
adaptive capacity may be useful in understanding variation in the use/influence of 
drought early warning information, and therefore, perception of drought risk.  
According to the MPPACC model, as a threat is perceived, the individual is likely 
to appraise their own adaptive capacity before choosing a path of action, making 
judgements as to their own ability to carry out effective responses and at what cost 
(Grothmann & Patt, 2005). The objective state of their human, managerial, financial, and 
physical resources may influence this process, as well as enable or limit the success of the 
actions they choose to take (Eakin & Bojórquez-Tapia, 2008; Ellis, 1999). Maladaptive, 
or non-protective, responses may result when the perceived threat of risk is high but 
perceived coping effectiveness is low, or due to cognitive biases, habit, or reliance on 
public adaptation (Rogers & Prentice-Dunn, 1986; Grothmann and Patt, 2005; Boonstra 
& Hanh, 2014). As such, the MPPACC framework may be useful for understanding the 
findings of Wilmer et al. (2015), McClaren et al. (2015), and Marshall and Smajgl 
(2013), and predict drought response actions more reliably than objective resources 
alone. 
The MPPACC does not specifically address the role of planning for adaptation as 
a predictor of adaptive or maladaptive behavior. Planning is recommended in drought 
management as a strategy for achieving goals and avoiding maladaptive behavior (Haigh 
& Knutson, 2013; Knutson & Haigh, 2013; McClaran et al., 2015; Thurow & Taylor, 
1999), though the effect of planning has not been studied empirically in this context. The 
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theoretical basis of this relationship has been explored related to health behaviors, using 
the construct of “implementation intentions” (Aarts et al., 2002; Gollwitzer & Sheeran, 
2006; Webb & Sheeran, 2007). Implementation intentions have been found to improve an 
individual’s ability to detect cues to action (Webb & Sheeran, 2007), and may function as 
a new “instant habit,” increasing the degree to which the desired action becomes 
automatic (Gollwitzer & Sheeran, 2006). Thus, having an implementation plan may 
influence aspects of the threat appraisal and coping appraisal processes and influence 
decision-making outcomes. The role of having an implementation plan should be 
examined in the context of adaptation behavior models such as the MPPACC.  
This study explores the relationships between having a drought plan, perceived 
adaptive capacity, resources that shape the operation’s objective adaptive capacity, the 
use/influence of drought early warning information, and the timing of protective action. 
Research questions include:  
3. Are indicators of objective adaptive capacity, including having a drought plan, 
related to the manager's: 
a. Perceived self-efficacy in managing drought? 
b. Perceptions of barriers to successful drought management? 
c. Use of drought early warning information in decision-making? 
4. Can the timing of response actions taken during drought be predicted by the 
manager’s:  
a. Perceived adaptive capacity? 
b. Indicators of objective adaptive capacity? 
c. Having a drought plan? 
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Methods 
This study continues the focus on the drought that occurred across the U.S. 
Northern Great Plains in 2016, described in Chapter 5. The data are drawn from the post-
drought survey previously described. 
Constructs and Variables 
As in Chapter 5, this study has the use of drought management actions, and the 
month managers began acting (January – December 2016), as a key dependent variable. 
As in the prior chapter, the actions considered include: purchasing more hay or feed than 
usual to supplement existing feed stocks; grazing fall or winter pastures earlier than 
planned; destocking pastures more than usual through culling, early weaning, ending 
grazing contracts, sending to feedlot, etc. of any livestock; and culling and selling more 
breeding animals than usual. Those who did not take a particular action in 2016 are 
considered missing from the analysis of that action's timing. 
 In the analysis of the effect of objective adaptive capacity on the use/influence of 
drought early warning information, managers’ use/influence is also considered a 
dependent variable. (Its effect as a predictor variable on action is considered in Chapter 
5.) Respondents’ use and perceived influence of their own methods of monitoring 
drought is considered, including on-farm rain gauges or soil moisture sensors and/or their 
own assessment of crop, range, and livestock conditions. Measures of respondents’ use, 
and perceived influence of, external sources of drought monitoring or early warning 
information includes: local extension, the U.S. Department of Agriculture, National 
Weather Service and the U.S. Drought Monitor. 
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Measures of perceived adaptive capacity are considered as both dependent 
variables (in analyses of the effect of objective capacity on perceived capacity) and 
independent variables (in analyses of the prediction of the timing of drought management 
actions). Managers’ perceived adaptive capacity is measured using two distinct 
constructs: perceived self-efficacy, and perceived external barriers or costs to success. 
Both constructs are measured here in a generalized way, in that they reference an ability 
to cope with drought in general, rather than ability to take any specific measure. Self-
efficacy is measured in terms of “can do” (Bandura, 2006) and operationalized by asking 
“how certain are you that you can attain good results on your farm/ranch?” for a number 
of circumstances including moderate and severe drought (Gebrehiwot & van der Veen, 
2015). Factor-weighted scores of these three items (moderate dryness, extreme dryness, 
more than two years of dryness) are used to create a scale of self-efficacy in relation to 
drought. The Chronbach’s alpha for the three-item scale is 0.79, indicating acceptable 
internal consistency, and factor analysis of the items confirms that the scale is one-
dimensional (Taber, 2018). 
  Perceptions of barriers that must be overcome in order to be able to manage 
drought provide a measure of the manager’s appraisal of the different types of costs 
related to taking action (Gifford et al., 2011; Moser & Ekstrom, 2010). Perceived barriers 
measured in this study include the degree to which individuals believe that information 
about the onset and severity of drought, knowledge of how to reduce impacts, technical 
skills, and financial resources are barriers to their ability to prepare for and deal with 
drought in general. These variables are considered as four separate measures in the 
predictive models to examine the unique effects of each type of perceived barrier. 
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Measures of human and social capacity, having a drought plan, and the 
operation’s financial, feed, and management resources are independent predictors in this 
analysis. While the analysis in Chapter 4 did not consider human or social resources, 
these sources of adaptive capacity may particularly influence perceptions and use of 
information. Human resources are operationalized as the educational level (ranging from 
less than high school degree to post-graduate degree) and experience (measured in years 
as primary decision-maker in the operation) of the manager. Social resources are 
indicated based on a manager’s membership in industry/producer and/or educational 
networks. Having a drought plan or implementation intention is measured as a binary 
variable describing whether or not a manager has planned specific actions to be taken 
when drought conditions occur. Wording of questions used as measures of manager 
perceptions and sources of human and social capacity is listed in Table 47. The full 
survey instrument can be found in Appendix B.  
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Table 47 Question wording of independent variables measuring human capacity and 
perceptions 
Variable name Question wording Answer categories 
Education 
 
What is the highest level of education that 
you have completed? 
1 – Some formal education, less 
than high school 
2 – High school/GED 
3 – 2-year 
college/technical/Associate degree 
4 – Four-year college degree 
(Bachelor’s degree) 
5 – Advanced degree (MS, MBA, 
PhD, etc.) 
Experience For how many years have you been a 
primary decision maker for your 
farm/ranch? 
1 – Fewer than 10 years 
2 – 10-19 years 
3 – 20-29 years 
4 – 30-39 years 
5 – 40-49 years 
6 – 50 years or more 
Memberships Do you belong to any producers’ 
organizations (such as Stockgrowers, 
Cattlemen’s, Sheep Growers, Corn 
Growers, Wheat Producers, Western Sugar, 
etc.)? 
Do you belong to any other farm/ranch 
educational organizations (such as 
Grasslands Coalition, Women in Farm 
Economics, sustainable farming 
organizations, no-till organizations, etc.)? 
0 – No to both questions 
1 – Yes to one question 
2 – Yes to both questions 
Perceived Barriers  To what degree would you consider each of 
the following a barrier to your ability to 
prepare for and deal with drought on your 
farm/ranch? 
1 – Not a barrier 
2 – Somewhat a barrier 
3 – Moderate barrier 
4 – Extreme barrier 
 Drought 
Information 
Information about the onset and severity of 
drought 
 
 Knowledge Knowledge about how to reduce drought 
impacts on my farm/ranch 
 
 Technical 
Skills 
Technical skills to carry out specific 
practices on my farm/ranch 
 
 Financial 
Resources 
Financial resources to carry out specific 
practices on my farm/ranch 
 
Drought Plan 
 
Does your operation have specific actions 
that you plan to take when drought 
conditions occur (e.g., a drought plan)? 
0 – No or I don’t know 
1 – Yes 
Self-Efficacy Please rate how certain you are that you 
can attain good results on your farm/ranch 
for each circumstance: 
*When the whole year is somewhat dry 
*When the whole year is extremely dry 
*When it is dry for more than two years 
Weighted scale (see text) 
1 – Not at all certain 
2 – Somewhat certain 
3 – Moderately certain 
4 – Very certain 
5 – Extremely certain 
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A short list of operational resources is used to measure objective adaptive 
capacity.  The list includes variables that proved useful in predicting management actions 
of the 2012 drought, representing financial and feed resources and management 
flexibility. The wording of these variables, answer categories, and descriptive statistics 
are found in Table 48. Financial resources are measured based on percent of household 
income that comes from the farm/ranch operation, and use of insurance. Management 
indicators include grazing practices and the diversification of income through 
custom/contract grazing for others. Feed resources are indicated as the use of feedlot or 
dry lot in the operation, and the size of the operation is expressed in terms of hectares of 
range and pasture land.  The log of the total hectares is included in analyses to account 
for the non-linear distribution of farm/ranch sizes, with a large number farms/ranches 
operating a small amount of land, and a small number of farms/ranches operating very 
large amounts of land. An additional measure of feed resources (and management 
flexibility) is the proportion of owned land to rented land, reported separately. Roche 
(2016) found that leasing versus owning land was a key driver of the types of drought 
management strategy used, but did not investigate the effect of land tenure on the timing 
of response. Some investigators of conservation behavior have also found land tenure to 
be an important predictor (Soule et al., 2000; Ranjan et al., 2019), though a recent 
quantitative meta-analysis finds the effects to be unreliable (Prokopy et al., 2019). 
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Table 48 Question wording and descriptive statistics of independent variables measuring 
financial, feed, and flexibility resources 
  Variable name and question wording Answer categories 
Percent Income 
from Operation 
 
In 2016, what percent of the principal operator’s total 
household income came from the farm/ranch operation? 
1 – 0-20% 
2 – 21-40% 
3 – 41-60% 
4 – 61-80% 
5 – 81-100% 
Custom Graze 
 
In addition to your farm or ranching operation, does your 
operation generate income from any of the following on-
farm enterprises? – Custom or contract grazing of livestock 
(animals run on your operation but not owned by you) 
0 – No 
1 - Yes 
Winter Feedlot Please indicate whether or not you use each of the 
following practices with the livestock that you manage: 
Feed livestock in a feedlot or dry lot during the winter 
dormant season 
0 – No 
1 – Yes 
Summer Feedlot 
 
Please indicate whether or not you use each of the 
following practices with the livestock that you manage: 
Feed livestock in a feedlot or dry lot during the summer 
growing season 
0 – No 
1 – Yes 
Range Land Base Please indicate the total number of acres of own and rent 
from others: Range or pasture land. All measured 
calculated from this question. 
Total Acres: number 
of acres owned + 
number of acres 
rented 
Logacres =  
Log(Total Acres) 
Proportion of rented 
= number of acres 
rented / total acres 
Crop Insurance Please indicate whether or not you participated in each of 
the following programs for 2016: any crop, livestock, 
range, forage, or revenue insurance program 
0 – No 
1 – Yes 
 
Statistical Analysis 
Independent variables were examined for potential collinearity using Spearman’s 
rank test (Gauthier, 2001). Models predicting perceived self-efficacy, perceived barriers, 
use and influence of drought early warning information, and the timing of actions were 
examined using ordered logistic regressions (proportional odds models) (Hosmer et al., 
1994). Predictive models of the timing of drought response actions included drought 
severity as a control variable. As in previous analyses, the partial and full models with 
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parameters were compared to the null model using likelihood ratio chi square (χ2) 
statistic, and the associated p-value. Each model was compared to other potential models 
predicting the same dependent variable, using the Akaike information criterion (AIC), 
with the smallest values indicating best model fit, and with a suite of models with an AIC 
difference of less than 2 considered the best-fitting models available. Significance was 
determined with a 95% confidence level or an alpha = 0.05. Data were weighted to 
account for unequal probability of being sampled, and stratification was accounted for in 
the analysis using the STATA “svy” method (Statacorps, 2009). Stata v. 11 was used for 
all descriptive and inferential statistical analysis (ibid.).  
In part due to natural skip patterns, the n of analyses predicting the timing of 
actions ranges from 48 to 76. At a power of .80, this relatively small n indicates that the 
tests will correctly reject the null hypotheses if the effect size is medium about 80% of 
the time. If the effect size is smaller, there is a larger chance the analysis mistakenly fails 
to reject the null hypotheses (Cohen, 1992). A higher alpha (.10) increases the likelihood 
of avoiding Type II error, but admittedly increases the likelihood of committing Type I 
error.  Further, with a limited number of cases, the models risk becoming over-fitted 
when fully populated with predictor variables. Findings reported in this chapter may be 
considered exploratory, with the understanding that larger studies will be required to 
validate these findings.  
Results and Discussion 
 Survey respondents (unweighted data) were most likely to have achieved a high 
school degree, and acted as the primary decision-maker in the operation for 30-39 years. 
They operated an average of almost 4,000 rangeland acres, with almost 30% of the acres 
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being rented or leased. About 40% reported that almost all (81-100%) of their household 
income came from the agricultural operation. Most (68%) used some type of crop 
insurance. A little more than half (55%) fed their livestock in the winter in a feedlot or 
dry lot, but only 12% fed livestock in a feedlot during the summer growing months. 
Nineteen percent of respondents operated custom grazing of other people’s livestock on 
their rangeland. Sixty-two percent said they had a plan for drought. The area perceived to 
be the greatest barrier to drought management was financial resources, and average 
perceived self-efficacy for managing drought, on a five-point scale, was relatively low 
(mean = 1.37). All weighted and unweighted descriptive statistics of independent 
variables are listed in Table 49. Spearman’s rank correlations among the independent 
variables are listed in Table 50, with * indicating statistical significance of p < 0.05. 
While perceived barriers displayed correlation with one another, calculations of variance 
inflation factors (VIF) were less than 2.50 and did not indicate collinearity.  
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Table 49 Weighted and unweighted means and proportions of independent variables 
included in the analysis (continued on next page) 
  
Weighted 
 
Unweighted 
 
  
Mean SE n Mean SE n 
Self-Efficacy 1.34 0.05 237 1.37 0.04 239 
Hectares Rangeland 2764.85 359.77 232 3945.59 358.40 234 
Proportion Rented to Total Range 0.32 0.04 216 0.29 0.02 234 
  
Proportion SE n Proportion SE n 
Education 
      
 
Less than high school 0.02 0.02 241 0.03 0.01 243 
 
High school/GED 0.36 0.05 
 
0.38 0.03 
 
 
2-year college degree 0.24 0.04 
 
0.26 0.03 
 
 
Four-year college degree  0.28 0.05 
 
0.24 0.03 
 
 
Advanced degree  0.10 0.03 
 
0.09 0.02 
 
Experience 
      
 
Fewer than 10 years 0.09 0.03 241 0.08 0.02 243 
 
10-19 years 0.14 0.03 
 
0.14 0.02 
 
 
20-29 years 0.23 0.04 
 
0.19 0.03 
 
 
30-39 years 0.25 0.04 
 
0.24 0.03 
 
 
40-49 years 0.20 0.04 
 
0.21 0.03 
 
 
50 years or more 0.10 0.03 
 
0.13 0.02 
 
Memberships 
      
 
No to both questions 0.60 0.05 243 0.58 0.03 244 
 
Yes to one question 0.29 0.04 
 
0.32 0.03 
 
 
Yes to both questions 0.11 0.03 
 
0.10 0.02 
 
Percent Income from Operation 
      
 
0-20% 0.20 0.04 234 0.19 0.03 236 
 
21-40% 0.08 0.02 
 
0.12 0.02 
 
 
41-60% 0.13 0.03 
 
0.13 0.02 
 
 
61-80% 0.14 0.03 
 
0.15 0.02 
 
 
81-100% 0.45 0.05 
 
0.42 0.03 
 
Crop Insurance 
       
 
No 0.30 0.04 242 0.32 0.03 244 
 
Yes 0.70 0.04 
 
0.68 0.03 
 
Custom Graze 
       
 
No 0.86 0.03 228 0.81 0.03 230 
 
Yes 0.14 0.03 
 
0.19 0.03 
 
Winter Feedlot 
       
 
No 0.43 0.05 219 0.45 0.03 200 
 
Yes 0.57 0.05 
 
0.55 0.03 
 
Summer Feedlot 
       
 
No 0.85 0.04 206 0.88 0.02 207 
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Yes 0.15 0.04 
 
0.12 0.02 
 
Table 49 continued   
Proportion SE n Proportion SE n 
Drought Plan 
      
 
No or I don’t know 0.39 0.05 240 0.38 0.03 242 
 
Yes 0.61 0.05 
 
0.62 0.03 
 
Perceived Barrier - Drought Information 
      
 
Not a barrier 0.45 0.05 234 0.44 0.03 236 
 
Somewhat a barrier 0.34 0.05 
 
0.35 0.03 
 
 
Moderate barrier 0.16 0.04 
 
0.17 0.02 
 
 
Extreme barrier 0.05 0.02 
 
0.05 0.01 
 
Perceived Barrier - Knowledge 
      
 
Not a barrier 0.48 0.05 235 0.47 0.03 237 
 
Somewhat a barrier 0.38 0.05 
 
0.37 0.03 
 
 
Moderate barrier 0.11 0.03 
 
0.14 0.02 
 
 
Extreme barrier 0.03 0.02 
 
0.03 0.01 
 
Perceived Barrier – Technical skills 
      
 
Not a barrier 0.57 0.05 235 0.54 0.03 237 
 
Somewhat a barrier 0.29 0.04 
 
0.32 0.03 
 
 
Moderate barrier 0.10 0.03 
 
0.11 0.02 
 
 
Extreme barrier 0.04 0.02 
 
0.03 0.01 
 
Perceived Barrier – Financial resources 
      
 
Not a barrier 0.32 0.05 239 0.30 0.03 241 
 
Somewhat a barrier 0.27 0.04 
 
0.29 0.03 
 
 
Moderate barrier 0.30 0.05 
 
0.29 0.03 
 
 
Extreme barrier 0.12 0.03 
 
0.13 0.02 
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Table 50 Spearman Rank Correlations between Independent Variables 
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Knowledge 
barrier 
0.69* 
              
Tech skills 
barrier 
0.55* 0.64* 
             
Finances barrier 0.45* 0.51* 0.51* 
            
Perceived self-
efficacy 
0.05 0.05 0.11 0.07 
           
Education 0.09 0.02 0.01 0.04 0.00 
          
Years of 
experience 
-0.09 -0.05 -0.06 -0.10 -0.01 -0.23* 
         
Memberships 0.10 0.00 0.03 0.11 -0.08 0.12 0.12 
        
Drought plan 0.07 -0.08 0.00 -0.05 0.15* 0.12 0.09 0.28* 
       
% income from 
operation 
-0.02 -0.02 -0.03 0.06 0.13 -0.12 0.22* 0.27* 0.18* 
      
Hectares (log) 
rangeland 
0.09 0.06 0.06 0.06 0.15* 0.00 0.11 0.41* 0.25* 0.45* 
     
Proportion rented  0.00 -0.02 -0.09 0.01 0.01 -0.02 -0.06 0.14* 0.08 0.15* 0.25** 
    
Insurance 0.13* 0.12 0.14* 0.14* 0.03 0.13* -0.06 0.12 0.19* 0.17* 0.32* -0.03 
   
Contract graze -0.04 -0.05 0.01 0.07 0.04 -0.01 -0.03 0.09 0.07 -0.05 0.04 -0.07 0.01 
  
Winter feedlot 0.09 0.00 -0.01 -0.02 -0.06 -0.02 0.04 -0.01 -0.02 -0.01 -0.11 0.11 -0.05 -0.04 
 
Summer feedlot 0.16* 0.03 0.07 0.04 0.06 -0.14* 0.08 -0.08 0.01 -0.06 -0.12 0.06 0.09 0.04 0.19* 
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Predicting Perceived Self-Efficacy, Perceived Barriers, and Use/Influence of Drought 
Early Warning Information 
 Perceived self-efficacy, perception of drought information as a barrier, and 
perception of knowledge of how to reduce drought impacts as a barrier were not 
predicted by the hypothesized models. Perception of both technical skills and financial 
resources as barriers to drought management were best predicted with the full 
hypothesized model of predictors. Education (Coeff. = -0.56, p = 0.02), years of 
experience (Coeff. = -0.54, p = 0.01), number of hectares of rangeland (Coeff. = 0.38, p = 
0.03), and proportion of rented rangeland (Coeff. = -2.77, p = 0.00) were the strongest 
contributors to prediction of technical skills as a barrier. Having a drought plan (Coeff. = 
-1.06, p = 0.04) and the percent of household income from the farm/ranch operation 
(Coeff. = 0.26, p = 0.05) were significant contributors to prediction of financial resources 
as a barrier. Tables 51 – 55 list the partial and full predictive models and associated 
statistics. 
 Overall, the use and influence of both on-farm and external sources of drought 
early warning were best predicted with models that included objective adaptive capacity 
resources. The use and influence of on-farm monitoring (i.e., rain gauge or soil moisture 
monitors) and on-farm assessment of conditions were both predicted by membership in 
producer and educational organizations (Coeffs. = 0.95 & 0.87, respectively) and by 
having a drought plan (Coeffs. = 1.02 & 1.53 respectively).  Having insurance (Coeff. = 
0.92, p = 0.05) also contributed to prediction of use of on-farm monitoring equipment.  
The use of various sources of drought early warning information was best 
predicted through a combination of human resources, having a drought plan, and 
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objective adaptive capacity resources. Predictors of the use of local extension included 
education (Coeff. = -0.76, p = 0.02), memberships (Coeff. = 1.27, p = 0.03), having a 
drought plan (Coeff. = 2.42, p = 0.00), and contract grazing (Coeff. = -2.89, p = 0.01). 
Having a drought plan was the strongest contributor (Coeff. = 1.38, p = 0.00) to the use 
and influence of the National Weather Service. The size of the operation (Coeff. = 0.42, p 
= 0.04) was the strongest predictor of the use of the U.S. Drought Monitor. Use of USDA 
resources was predicted by a model including having a drought plan (Coeff. = 1.16, p = 
0.05), percent of household income from agricultural operation (Coeff. = -0.39, p = 0.03), 
and the size of the operation in hectares (Coeff. = 0.64, p = 0.00). And use/influence of 
television and radio reports for drought monitoring was predicted by a model including 
education (Coeff. = -0.62, p = 0.01), having crop insurance (Coeff. = 1.11, p = 0.05), and 
feeding livestock in the winter in a feedlot/dry lot (Coeff. = 1.05, p = 0.02). Tables 56 – 
62 list the partial and full predictive models and associated statistics.
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Table 51 OLS Regression Models Predicting Self-Efficacy 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
Self-Efficacy Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education -0.01 0.19 0.97 
         
-0.19 0.26 0.46 
Years of experience 0.08 0.15 0.59 
         
0.10 0.16 0.53 
Memberships -0.35 0.26 0.17 
         
-0.86 0.40 0.03 
Drought plan 
    
0.55 0.51 0.27 
     
-0.40 0.17 0.02 
% income from operation 
        
-0.28 0.14 0.05 
 
1.28 0.57 0.03 
Hectares (log) rangeland 
        
0.23 0.14 0.10 
 
0.37 0.15 0.02 
Proportion rented to total 
        
0.49 0.73 0.50 
 
0.52 0.68 0.45 
Insurance 
        
-0.15 0.65 0.82 
 
-0.15 0.67 0.82 
Contract graze 
        
0.21 0.63 0.74 
 
0.80 0.70 0.26 
Winter feedlot 
        
-0.33 0.39 0.40 
 
-0.03 0.47 0.95 
Summer feedlot 
        
0.92 0.96 0.34 
 
0.98 0.68 0.15 
Number of obs 140 
   
140 
   
139 
   
139 
  
Wald chi2(3) 2.00 
   
1.19 
   
8.33 
   
15.86 
  
Prob > chi2 0.57 
   
0.27 
   
0.30 
   
0.15 
  
Pseudo R2 0.01 
   
0.00 
   
0.02 
   
0.05 
  
AIC 2875.81 
   
2873.81 
   
2829.31 
   
2753.58 
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Table 52 OLS Regression Models Predicting Perception of Drought Information as a Barrier to Successful Drought Management 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
Perceived Barrier - Drought Information Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education -0.02 0.22 0.94 
         
-0.19 0.31 0.53 
Years of experience -0.06 0.18 0.75 
         
-0.35 0.20 0.08 
Memberships 0.21 0.35 0.55 
         
0.17 0.59 0.77 
Drought plan 
    
0.35 0.44 0.43 
     
0.60 0.57 0.29 
% income from operation 
        
-0.04 0.12 0.77 
 
-0.10 0.13 0.42 
Hectares (log) rangeland 
        
0.20 0.10 0.05 
 
0.22 0.14 0.10 
Proportion rented to total 
        
-1.26 0.67 0.06 
 
-1.54 0.76 0.04 
Insurance 
        
0.48 0.57 0.40 
 
0.77 0.57 0.17 
Contract graze 
        
-0.63 0.91 0.49 
 
-1.22 1.06 0.25 
Winter feedlot 
        
0.71 0.55 0.20 
 
0.85 0.53 0.11 
Summer feedlot 
        
0.89 0.60 0.14 
 
0.80 0.68 0.23 
Number of obs 139 
   
139 
   
138 
   
138 
  
Wald chi2(3) 0.42 
   
0.62 
   
11.56 
   
18.87 
  
Prob > chi2 0.94 
   
0.43 
   
0.12 
   
0.06 
  
Pseudo R2 0.00 
   
0.00 
   
0.06 
   
0.08 
  
AIC 1299.42 
   
1295.03 
   
1234.75 
   
1209.39 
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Table 53 OLS Regression Models Predicting Perception of Knowledge as a Barrier to Successful Drought Management 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
Perceived Barrier - Knowledge Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education -0.23 0.19 0.22 
         
-0.27 0.26 0.30 
Years of experience -0.03 0.16 0.84 
         
-0.20 0.16 0.22 
Memberships 0.35 0.30 0.25 
         
0.50 0.50 0.32 
Drought plan 
    
-0.35 0.46 0.45 
     
-0.44 0.56 0.43 
% income from operation 
        
0.05 0.14 0.69 
 
0.04 0.14 0.76 
Hectares (log) rangeland 
        
0.14 0.12 0.27 
 
0.13 0.15 0.39 
Proportion rented to total 
        
-1.29 0.70 0.07 
 
-1.42 0.73 0.05 
Insurance 
        
-0.03 0.55 0.96 
 
0.36 0.53 0.50 
Contract graze 
        
-0.66 0.66 0.32 
 
-0.94 0.79 0.23 
Winter feedlot 
        
0.40 0.55 0.47 
 
0.40 0.52 0.45 
Summer feedlot 
        
-0.05 0.78 0.95 
 
-0.10 0.79 0.90 
Number of obs 139 
   
139 
   
138 
   
138 
  
Wald chi2(3) 2.82 
   
0.57 
   
4.54 
   
8.42 
  
Prob > chi2 0.42 
   
0.45 
   
0.72 
   
0.68 
  
Pseudo R2 0.01 
   
0.00 
   
0.03 
   
0.06 
  
AIC 1187.12 
   
1194.59 
   
1167.60 
   
1146.35 
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Table 54 OLS Regression Models Predicting Perception of Technical Skills as a Barrier to Successful Drought Management 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
Perceived Barrier – Technical skills Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education -0.29 0.21 0.17 
         
-0.56 0.25 0.02 
Years of experience -0.11 0.18 0.53 
         
-0.54 0.19 0.01 
Memberships 0.11 0.30 0.73 
         
0.02 0.45 0.97 
Drought plan 
    
-0.16 0.51 0.75 
     
0.22 0.57 0.69 
% income from operation 
        
0.00 0.18 0.99 
 
-0.06 0.19 0.77 
Hectares (log) rangeland 
        
0.24 0.14 0.08 
 
0.38 0.18 0.03 
Proportion rented to total 
        
-2.25 0.76 0.00 
 
-2.77 0.84 0.00 
Insurance 
        
0.47 0.66 0.48 
 
1.14 0.71 0.11 
Contract graze 
        
-1.10 0.79 0.16 
 
-1.48 0.88 0.09 
Winter feedlot 
        
0.33 0.57 0.57 
 
0.46 0.54 0.39 
Summer feedlot 
        
0.28 0.90 0.76 
 
0.17 0.93 0.85 
Number of obs 139 
   
139 
   
138 
   
138 
  
Wald chi2(3) 2.05 
   
0.10 
   
14.35 
   
22.86 
  
Prob > chi2 0.56 
   
0.75 
   
0.05 
   
0.02 
  
Pseudo R2 0.01 
   
0.00 
   
0.09 
   
0.14 
  
AIC 1179.11 
   
1188.72 
   
1093.89 
   
1035.84 
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Table 55 OLS Regression Models Predicting Perception of Financial Resources as a Barrier to Successful Drought Management 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
Perceived Barrier – Financial resources Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education 0.08 0.26 0.76 
         
0.15 0.30 0.62 
Years of experience -0.19 0.15 0.21 
         
-0.33 0.18 0.06 
Memberships 0.34 0.29 0.25 
         
0.66 0.49 0.18 
Drought plan 
    
-0.60 0.45 0.18 
     
-1.06 0.53 0.04 
% income from operation 
        
0.16 0.13 0.23 
 
0.26 0.13 0.05 
Hectares (log) rangeland 
        
0.00 0.15 0.99 
 
-0.02 0.17 0.92 
Proportion rented to total 
        
-0.71 0.87 0.41 
 
-1.15 0.91 0.21 
Insurance 
        
0.72 0.67 0.28 
 
0.98 0.70 0.16 
Contract graze 
        
0.30 0.67 0.66 
 
-0.47 0.94 0.62 
Winter feedlot 
        
-0.11 0.43 0.80 
 
-0.21 0.41 0.61 
Summer feedlot 
        
0.25 0.82 0.76 
 
0.32 0.57 0.58 
Number of obs 139 
   
139 
   
138 
   
138 
  
Wald chi2(3) 5.06 
   
1.77 
   
6.04 
   
25.58 
  
Prob > chi2 0.17 
   
0.18 
   
0.54 
   
0.01 
  
Pseudo R2 0.02 
   
0.01 
   
0.03 
   
0.08 
  
AIC 1514.37 
   
1523.74 
   
1507.25 
   
1430.01 
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Table 56 Ordinal Logistic Regression Prediction of Use/Influence of On-farm Rain Gauge or Soil Moisture Sensor 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
On-farm rain gauge Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education 0.48 0.23 0.04 
         
0.31 0.23 0.17 
Years of experience 0.02 0.20 0.90 
         
-0.09 0.23 0.68 
Memberships 0.80 0.31 0.01 
         
0.95 0.40 0.02 
Drought plan 
    
1.16 0.47 0.01 
     
1.02 0.52 0.05 
% income from operation 
        
0.08 0.16 0.59 
 
-0.02 0.18 0.92 
Hectares (log) rangeland 
        
0.07 0.13 0.57 
 
-0.15 0.18 0.40 
Proportion rented to total 
        
0.04 0.63 0.95 
 
-0.11 0.63 0.86 
Insurance 
        
0.92 0.50 0.07 
 
0.92 0.47 0.05 
Contract graze 
        
0.77 0.52 0.14 
 
-0.32 0.63 0.61 
Winter feedlot 
        
0.78 0.47 0.10 
 
0.73 0.51 0.16 
Summer feedlot 
        
0.40 0.80 0.62 
 
0.35 0.84 0.67 
Number of obs 140 
   
140 
   
139 
   
139 
  
Wald chi2(3) 13.31 
   
6.16 
   
12.92 
   
30.24 
  
Prob > chi2 0.00 
   
0.01 
   
0.07 
   
0.00 
  
Pseudo R2 0.07 
   
0.04 
   
0.06 
   
0.13 
  
AIC 1358.64 
   
1406.33 
   
1381.09 
   
1283.20 
  
 
 
  
 
 
 
1
50
 
Table 57 Ordinal Logistic Regression Prediction of Use/Influence of Own Assessment of On-farm Conditions 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
Own assessment of conditions Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education 0.35 0.24 0.14 
         
0.26 0.26 0.31 
Years of experience -0.03 0.18 0.85 
         
-0.15 0.18 0.41 
Memberships 0.85 0.36 0.02 
         
0.87 0.43 0.04 
Drought plan 
    
1.63 0.52 0.00 
     
1.53 0.59 0.01 
% income from operation 
        
0.08 0.20 0.71 
 
-0.08 0.20 0.68 
Hectares (log) rangeland 
        
0.18 0.18 0.33 
 
0.02 0.19 0.92 
Proportion rented to total 
        
0.87 0.76 0.25 
 
0.80 0.86 0.35 
Insurance 
        
0.33 0.60 0.58 
 
0.43 0.63 0.50 
Contract graze 
        
0.50 0.76 0.51 
 
-0.82 0.82 0.32 
Winter feedlot 
        
-0.33 0.53 0.53 
 
-0.63 0.54 0.25 
Summer feedlot 
        
0.78 0.69 0.26 
 
0.92 0.76 0.23 
Number of obs 139 
   
139 
   
138 
   
138 
  
Wald chi2(3) 7.80 
   
9.92 
   
6.81 
   
24.96 
  
Prob > chi2 0.05 
   
0.00 
   
0.45 
   
0.01 
  
Pseudo R2 0.06 
   
0.08 
   
0.04 
   
0.15 
  
AIC 1110.24 
   
1088.50 
   
1142.99 
   
1028.31 
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Table 58 Ordinal Logistic Regression Prediction of Use/Influence of Local Extension Resources for Drought Information 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
Local extension resources Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education -0.63 0.34 0.06 
         
-0.76 0.33 0.02 
Years of experience -0.06 0.16 0.72 
         
-0.37 0.21 0.08 
Memberships 0.99 0.47 0.04 
         
1.27 0.58 0.03 
Drought plan 
    
1.70 0.57 0.00 
     
2.42 0.75 0.00 
% income from operation 
        
0.21 0.17 0.23 
 
-0.05 0.20 0.80 
Hectares (log) rangeland 
        
0.15 0.21 0.47 
 
-0.08 0.19 0.67 
Proportion rented to total 
        
-0.38 0.75 0.62 
 
-0.01 0.72 0.99 
Insurance 
        
-0.87 0.76 0.25 
 
0.05 0.76 0.95 
Contract graze 
        
-1.58 0.74 0.03 
 
-2.89 1.06 0.01 
Winter feedlot 
        
0.69 0.56 0.21 
 
0.71 0.57 0.21 
Summer feedlot 
        
0.72 1.04 0.49 
 
0.00 0.88 1.00 
Number of obs 139 
   
139 
   
138 
   
138 
  
Wald chi2(3) 5.57 
   
8.95 
   
10.33 
   
23.45 
  
Prob > chi2 0.13 
   
0.00 
   
0.17 
   
0.02 
  
Pseudo R2 0.08 
   
0.06 
   
0.06 
   
0.21 
  
AIC 841.07 
   
854.06 
   
868.67 
   
738.70 
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Table 59 Ordinal Logistic Regression Prediction of Use/Influence of National Weather Service for Drought Information 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
National Weather Service Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education 0.56 0.23 0.02 
         
0.27 0.25 0.27 
Years of experience 0.23 0.14 0.10 
         
0.05 0.15 0.72 
Memberships 0.85 0.29 0.00 
         
0.44 0.36 0.23 
Drought plan 
    
1.72 0.49 0.00 
     
1.38 0.45 0.00 
% income from operation 
        
0.11 0.16 0.50 
 
-0.02 0.16 0.89 
Hectares (log) rangeland 
        
0.39 0.18 0.03 
 
0.28 0.18 0.11 
Proportion rented to total 
        
0.08 0.63 0.90 
 
0.05 0.60 0.93 
Insurance 
        
1.04 0.49 0.03 
 
0.92 0.50 0.07 
Contract graze 
        
0.58 0.63 0.36 
 
-0.17 0.75 0.83 
Winter feedlot 
        
0.26 0.51 0.60 
 
0.23 0.51 0.65 
Summer feedlot 
        
0.18 0.78 0.82 
 
0.17 0.90 0.85 
Number of obs 140 
   
140 
   
139 
   
139 
  
Wald chi2(3) 13.72 
   
12.28 
   
17.24 
   
37.40 
  
Prob > chi2 0.00 
   
0.00 
   
0.02 
   
0.00 
  
Pseudo R2 0.09 
   
0.08 
   
0.10 
   
0.17 
  
AIC 1259.15 
   
1276.33 
   
1249.16 
   
1168.46 
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Table 60 Ordinal Logistic Regression Prediction of Use/Influence of U.S. Drought Monitor for Drought Information 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
U.S. Drought Monitor Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education -0.06 0.23 0.78 
         
-0.46 0.29 0.12 
Years of experience 0.01 0.21 0.96 
         
-0.21 0.18 0.25 
Memberships 0.51 0.30 0.09 
         
0.03 0.42 0.94 
Drought plan 
    
0.75 0.47 0.11 
     
0.81 0.52 0.12 
% income from operation 
        
-0.05 0.16 0.75 
 
-0.12 0.17 0.47 
Hectares (log) rangeland 
        
0.39 0.18 0.02 
 
0.42 0.20 0.04 
Proportion rented to total 
        
-0.09 0.57 0.88 
 
-0.11 0.50 0.83 
Insurance 
        
0.48 0.45 0.29 
 
0.95 0.54 0.08 
Contract graze 
        
0.02 0.69 0.97 
 
-0.08 0.82 0.92 
Winter feedlot 
        
0.60 0.52 0.24 
 
0.75 0.53 0.16 
Summer feedlot 
        
0.43 0.66 0.51 
 
0.10 0.68 0.88 
Number of obs 140 
   
140 
   
139 
   
139 
  
Wald chi2(3) 4.13 
   
2.61 
   
12.18 
   
19.83 
  
Prob > chi2 0.25 
   
0.11 
   
0.09 
   
0.05 
  
Pseudo R2 0.02 
   
0.01 
   
0.06 
   
0.09 
  
AIC 1557.52 
   
1554.31 
   
1488.03 
   
1456.78 
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Table 61 Ordinal Logistic Regression Prediction of Use/Influence of USDA Resources for Drought Information 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
USDA resources Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education -0.21 0.23 0.36 
         
-0.34 0.22 0.12 
Years of experience -0.04 0.19 0.81 
         
-0.23 0.20 0.26 
Memberships 1.21 0.43 0.00 
         
0.81 0.48 0.09 
Drought plan 
    
1.19 0.51 0.02 
     
1.16 0.59 0.05 
% income from operation 
        
-0.20 0.20 0.32 
 
-0.39 0.18 0.03 
Hectares (log) rangeland 
        
0.76 0.18 0.00 
 
0.64 0.17 0.00 
Proportion rented to total 
        
-0.10 0.68 0.88 
 
-0.02 0.70 0.98 
Insurance 
        
-0.76 0.70 0.28 
 
-0.27 0.62 0.66 
Contract graze 
        
-0.16 1.16 0.89 
 
-0.75 1.23 0.54 
Winter feedlot 
        
0.16 0.54 0.77 
 
0.00 0.54 0.99 
Summer feedlot 
        
0.53 0.92 0.56 
 
0.20 1.10 0.85 
Number of obs 139 
   
139 
   
138 
   
138 
  
Wald chi2(3) 8.24 
   
5.48 
   
19.62 
   
30.92 
  
Prob > chi2 0.04 
   
0.02 
   
0.01 
   
0.00 
  
Pseudo R2 0.08 
   
0.04 
   
0.14 
   
0.20 
  
AIC 1021.42 
   
1063.83 
   
965.02 
   
909.17 
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Table 62 Ordinal Logistic Regression Prediction of Use/Influence of Television/Radio Reports for Drought Information 
 Human/Social Resources  Drought Plan  Natural/Financial Resources  Full Model 
Television/radio reports Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
Education -0.24 0.25 0.35 
         
-0.62 0.24 0.01 
Years of experience 0.13 0.20 0.49 
         
0.06 0.22 0.80 
Memberships 0.78 0.26 0.00 
         
0.56 0.40 0.16 
Drought plan 
    
0.65 0.51 0.20 
     
0.45 0.49 0.36 
% income from operation 
        
0.27 0.16 0.08 
 
0.13 0.17 0.43 
Hectares (log) rangeland 
        
0.08 0.12 0.53 
 
-0.01 0.15 0.95 
Proportion rented to total 
        
-0.85 0.76 0.26 
 
-0.61 0.75 0.41 
Insurance 
        
0.47 0.61 0.44 
 
1.11 0.57 0.05 
Contract graze 
        
1.30 0.83 0.12 
 
1.48 0.98 0.13 
Winter feedlot 
        
1.04 0.43 0.02 
 
1.05 0.45 0.02 
Summer feedlot 
        
0.78 0.70 0.26 
 
0.50 0.74 0.50 
Number of obs 139 
   
139 
   
138 
   
138 
  
Wald chi2(3) 10.60 
   
1.68 
   
19.70 
   
34.46 
  
Prob > chi2 0.01 
   
0.20 
   
0.01 
   
0.00 
  
Pseudo R2 0.04 
   
0.01 
   
0.09 
   
0.13 
  
AIC 1184.57 
   
1218.75 
   
1134.85 
   
1085.46 
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Predictors of the Use of Drought Management Actions 
 Prediction of the use of two drought management strategies, purchasing 
supplemental hay/feed and destocking the herd, improved with the addition perceived and 
objective adaptive capacity variables compared to a drought-only model. The size of 
rangelands in hectares (Coeff. = 0.41, p = 0.03) and having insurance (Coeff. = 1.08, p = 
0.04)) emerged as the strongest predictors of purchasing supplemental feed, while both 
perceived and objective adaptive capacity were important for predicting use of 
destocking as a drought management strategy. The strongest predictors of destocking 
included perceived self-efficacy (Coeff. = 0.95, p = 0.04), the perception that drought 
monitoring information was a barrier to management (Coeff. = 1.08, p = 0.01), the 
perception that financial resources were a barrier to management (Coeff. = -0.76, p = 
0.02), percent of household income from the farm/ranch operation (Coeff. = 0.36, p = 
0.04), and use of contract grazing (Coeff. = 2.14, p = 0.01). The strongest predictor of 
culling/selling breeding animals was the perception of drought information as a barrier to 
management (Coeff. = 0.72, p = 0.04). The prediction of early grazing was not improved 
through the addition of perceived or objective adaptive capacity over the random null 
model. Tables 63 – 66 list the full and partial models and model statistics.
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Table 63 Logistic Regression Prediction of Purchasing Supplemental Hay/Feed in 2016 
 Drought + Perceived AC  + Human/Social Resources  + Natural/Financial Resources 
Purchase supplemental hay/feed Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
SPEI -2.79 1.00 0.01 
 
-3.27 0.96 0.00 
 
-3.29 1.10 0.00 
Perceived self-efficacy 0.81 0.44 0.07 
        
Info barrier -0.40 0.32 0.21 
        
Knowledge barrier 0.47 0.43 0.27 
        
Tech skills barrier 0.06 0.41 0.88 
        
Finances barrier -0.05 0.33 0.88 
        
Education 
    
0.11 0.25 0.65 
    
Years of experience 
    
0.36 0.19 0.06 
    
Memberships 
    
-0.05 0.32 0.88 
    
Drought plan 
    
-0.17 0.52 0.74 
    
% income from operation 
        
-0.25 0.17 0.14 
Hectares (log) rangeland 
        
0.41 0.19 0.03 
Proportion rented to total 
        
-0.40 0.74 0.59 
Insurance 
        
1.08 0.52 0.04 
Contract graze 
        
-0.61 0.75 0.42 
Winter feedlot 
        
0.58 0.52 0.27 
Summer feedlot 
        
1.00 0.74 0.17 
Number of obs 155 
   
155 
   
155 
  
Wald chi2(6) 12.77 
   
14.59 
   
26.71 
  
Prob > chi2 0.05 
   
0.01 
   
0.00 
  
Pseudo R2 0.14 
   
0.13 
   
0.20 
  
AIC 734.34 
   
736.83 
   
682.81 
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Table 64 Logistic Regression Prediction of Grazing Fall/Winter Pastures Earlier than Planned in 2016 
 Drought + Perceived AC  + Human/Social Resources  + Natural/Financial Resources 
Early graze fall or winter pastures Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
SPEI -0.90 0.87 0.30 
 
-0.92 0.89 0.30 
 
-0.11 0.86 0.90 
Perceived self-efficacy 0.29 0.46 0.52 
        
Info barrier 0.00 0.40 1.00 
        
Knowledge barrier 0.25 0.47 0.60 
        
Tech skills barrier 0.23 0.42 0.59 
        
Finances barrier 0.30 0.29 0.30 
        
Education 
    
-0.41 0.25 0.10 
    
Years of experience 
    
0.17 0.19 0.38 
    
Memberships 
    
0.43 0.37 0.24 
    
Drought plan 
    
-0.02 0.56 0.98 
    
% income from operation 
        
-0.11 0.18 0.54 
Hectares (log) rangeland 
        
0.29 0.14 0.04 
Proportion rented to total 
        
0.21 0.72 0.77 
Insurance 
        
-0.08 0.57 0.89 
Contract graze 
        
-0.74 0.67 0.27 
Winter feedlot 
        
-0.62 0.48 0.20 
Summer feedlot 
        
-0.59 0.78 0.45 
Number of obs 157 
   
157 
   
157 
  
Wald chi2(6) 7.67 
   
8.31 
   
9.97 
  
Prob > chi2 0.26 
   
0.14 
   
0.27 
  
Pseudo R2 0.06 
   
0.07 
   
0.08 
  
AIC 820.40 
   
813.34 
   
807.55 
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Table 65 Logistic Regression Prediction of Destocking Pastures More than Usual in 2016 
 Drought + Perceived AC  + Human/Social Resources  + Natural/Financial Resources  Full Model 
Destock Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
SPEI -2.59 1.00 0.01 
 
-2.60 1.03 0.01 
 
-3.13 1.08 0.00 
 
-2.86 0.97 0.00 
Perceived self-efficacy 0.76 0.46 0.10 
         
0.95 0.46 0.04 
Info barrier 0.99 0.41 0.02 
         
1.08 0.44 0.01 
Knowledge barrier -0.13 0.40 0.75 
         
-0.05 0.47 0.91 
Tech skills barrier 0.08 0.38 0.84 
         
0.40 0.44 0.36 
Finances barrier -0.42 0.29 0.15 
         
-0.76 0.32 0.02 
Education 
    
-0.33 0.26 0.20 
     
-0.35 0.23 0.13 
Years of experience 
    
-0.13 0.17 0.46 
     
-0.11 0.18 0.55 
Memberships 
    
0.38 0.35 0.28 
     
0.40 0.42 0.34 
Drought plan 
    
1.50 0.56 0.01 
     
0.62 0.59 0.29 
% income from operation 
        
0.35 0.16 0.03 
 
0.36 0.18 0.04 
Hectares (log) rangeland 
        
0.08 0.14 0.57 
 
-0.14 0.18 0.45 
Proportion rented to total 
        
0.24 0.72 0.74 
 
1.20 0.81 0.14 
Insurance 
        
-0.04 0.64 0.95 
 
0.39 0.58 0.50 
Contract graze 
        
1.77 0.77 0.02 
 
2.14 0.83 0.01 
Winter feedlot 
        
-0.04 0.48 0.94 
 
-0.29 0.53 0.58 
Summer feedlot 
        
1.21 0.86 0.16 
 
0.40 1.00 0.69 
Number of obs 153 
   
153 
   
153 
   
153 
  
Wald chi2(6) 17.15 
   
14.69 
   
16.38 
   
47.53 
  
Prob > chi2 0.01 
   
0.01 
   
0.04 
   
0.00 
  
Pseudo R2 0.18 
   
0.18 
   
0.17 
   
0.32 
  
AIC 714.93 
   
712.97 
   
723.95 
   
614.62 
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Table 66 Logistic Regression Prediction of Culling/Selling Breeding Animals More than Planned in 2016 
 Drought + Perceived AC  + Human/Social Resources  + Natural/Financial Resources 
Cull/sell breeding animals Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
SPEI -1.79 1.05 0.09 
 
-1.71 1.19 0.15 
 
-1.53 1.05 0.14 
Perceived self-efficacy -0.25 0.44 0.58 
        
Info barrier 0.72 0.35 0.04 
        
Knowledge barrier -0.19 0.46 0.68 
        
Tech skills barrier 0.72 0.40 0.07 
        
Finances barrier -0.11 0.27 0.67 
        
Education 
    
-0.37 0.25 0.15 
    
Years of experience 
    
0.31 0.19 0.09 
    
Memberships 
    
0.56 0.36 0.12 
    
Drought plan 
    
-0.07 0.55 0.91 
    
% income from operation 
        
0.08 0.19 0.65 
Hectares (log) rangeland 
        
0.26 0.18 0.15 
Proportion rented to total 
        
-0.68 0.69 0.33 
Insurance 
        
-0.02 0.57 0.97 
Contract graze 
        
-1.01 0.58 0.08 
Winter feedlot 
        
0.16 0.52 0.75 
Summer feedlot 
        
0.33 0.73 0.65 
Number of obs 154 
   
154 
   
154 
  
Wald chi2(6) 22.06 
   
10.04 
   
10.99 
  
Prob > chi2 0.00 
   
0.07 
   
0.20 
  
Pseudo R2 0.16 
   
0.11 
   
0.09 
  
AIC 662.19 
   
697.19 
   
724.21 
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Predictors of the Timing of Action 
While the number of cases for each analysis was very small, the prediction of the 
timing of all four actions was statistically improved through the inclusion of perceived 
and objective adaptive capacity predictors in the predictive models. Perceptions and 
objective resources were associated with both earlier and later actions. The timing of 
beginning to purchase supplemental hay/feed was predicted by measures of perceived 
adaptive capacity (self-efficacy (Coeff. = 1.47, p = 0.03); technical skills as barrier 
(Coeff. = -1.91, p = 0.01); and financial resources as barrier (Coeff. = 1.24, p = 0.00)), as 
well as management characteristics including membership in production and educational 
organizations (Coeff. = 1.65, p = 0.00) and use of a drought plan (Coeff. = -1.60, p = 
0.01). Perceived barriers (drought information barrier (Coeff. = -1.21, p = 0.01); technical 
skills barrier (Coeff. = 2.08, p = 0.01)) and having access to a feedlot during the summer 
growing season (Coeff. = -3.29, p = 0.00) emerged as predictors of the timing of 
beginning to early graze fall/winter pastures. Perceived self-efficacy (Coeff. = 1.23, p = 
0.01), the percent of household income that comes from the farm/ranch operation (Coeff. 
= -1.07, p = 0.00), and the number of hectares of rangeland (Coeff. = 0.84, p = 0.00) were 
useful as predictors of the timing of beginning to destock the herd. And the timing of 
beginning to sell breeding animals was predicted by the perception of knowledge about 
reducing drought impacts as a barrier (Coeff. = -2.31, p = 0.01), as well as the percent of 
household income dependent upon the operation (Coeff. = -0.81, p = 0.00), number of 
hectares of rangeland (Coeff. = 0.59, p = 0.01), and having insurance (Coeff. = 1.63, p = 
0.02). 
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Table 67 Ordered Logistic Regression Prediction of Timing of Purchasing Supplemental Hay/Feed in 2016 
 Drought + Perceived AC  + Human/Social Resources  + Natural/Financial Resources  +Perc. AC + H/S Resources 
Timing purchase supplemental feed Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
SPEI 2.90 1.75 0.10 
 
3.00 1.51 0.05 
 
2.92 2.05 0.16 
 
2.56 1.66 0.12 
Perceived self-efficacy 0.71 0.70 0.31 
         
1.47 0.67 0.03 
Info barrier -0.42 0.52 0.42 
         
-0.36 0.54 0.51 
Knowledge barrier 0.76 0.56 0.17 
         
1.11 0.61 0.07 
Tech skills barrier -1.34 0.62 0.03 
         
-1.91 0.70 0.01 
Finances barrier 1.28 0.40 0.00 
         
1.24 0.39 0.00 
Education 
    
0.27 0.49 0.59 
     
0.02 0.39 0.95 
Years of experience 
    
-0.17 0.20 0.41 
     
-0.20 0.22 0.35 
Memberships 
    
1.21 0.45 0.01 
     
1.65 0.48 0.00 
Drought plan 
    
-1.20 0.66 0.07 
     
-1.60 0.64 0.01 
% income from operation 
        
-0.29 0.26 0.28 
    
Hectares (log) rangeland 
        
0.51 0.39 0.19 
    
Proportion rented to total 
        
0.72 1.26 0.57 
    
Insurance 
        
0.78 0.80 0.33 
    
Contract graze 
        
0.33 0.87 0.70 
    
Winter feedlot 
        
-0.61 0.70 0.39 
    
Summer feedlot 
        
0.38 1.05 0.72 
    
Number of obs 76 
   
76 
   
76 
   
76 
  
Wald chi2(6) 13.30 
   
17.08 
   
22.56 
   
31.42 
  
Prob > chi2 0.04 
   
0.00 
   
0.00 
   
0.00 
  
Pseudo R2 0.10 
   
0.09 
   
0.08 
   
0.17 
  
AIC 876.88 
   
883.98 
   
902.51 
   
816.26 
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Table 68 Ordered Logistic Regression Prediction of Timing of Grazing Fall/Winter Pastures Earlier than Usual in 2016 
 Drought + Perceived AC  + Human/Social Resources  + Natural/Financial Resources  +Perc. AC + N/F Resources 
Timing early graze Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
SPEI 1.07 1.15 0.35 
 
1.17 1.05 0.26 
 
0.81 1.07 0.45 
 
0.76 1.39 0.58 
Perceived self-efficacy 0.31 0.56 0.58 
         
0.27 0.54 0.61 
Info barrier -1.15 0.39 0.00 
         
-1.21 0.48 0.01 
Knowledge barrier 1.86 0.79 0.02 
         
2.08 0.76 0.01 
Tech skills barrier -0.97 0.51 0.06 
         
-0.92 0.56 0.10 
Finances barrier 0.60 0.38 0.12 
         
0.48 0.42 0.25 
Education 
    
0.27 0.26 0.29 
        
Years of experience 
    
0.09 0.21 0.66 
        
Memberships 
    
-0.12 0.50 0.81 
        
Drought plan 
    
0.18 0.71 0.79 
        
% income from operation 
        
0.17 0.25 0.48 
 
0.04 0.25 0.87 
Hectares (log) rangeland 
        
-0.38 0.25 0.13 
 
-0.20 0.24 0.39 
Proportion rented to total 
        
1.42 1.13 0.21 
 
0.59 0.98 0.54 
Insurance 
        
0.44 0.51 0.40 
 
-0.06 0.48 0.90 
Contract graze 
        
-0.50 0.54 0.36 
 
-0.39 0.57 0.50 
Winter feedlot 
        
0.14 0.63 0.83 
 
0.65 0.77 0.39 
Summer feedlot 
        
-2.85 0.81 0.00 
 
-3.29 1.06 0.00 
Number of obs 75 
   
75 
   
75 
   
75 
  
Wald chi2(6) 19.05 
   
3.15 
   
17.66 
   
45.51 
  
Prob > chi2 0.00 
   
0.68 
   
0.02 
   
0.00 
  
Pseudo R2 0.09 
   
0.01 
   
0.06 
   
0.14 
  
AIC 609.98 
   
657.26 
   
634.42 
   
595.58 
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Table 69 Ordered Logistic Regression Prediction of Timing of Destocking in 2016 
 Drought + Perceived AC  + Human/Social Resources  + Natural/Financial Resources  +Perc. AC + N/F Resources 
Timing destock Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
SPEI -0.76 1.36 0.58 
 
-0.47 1.34 0.73 
 
-0.99 1.28 0.44 
 
-1.30 1.26 0.30 
Perceived self-efficacy 1.03 0.62 0.10 
         
1.23 0.48 0.01 
Info barrier -0.32 0.47 0.49 
         
-0.40 0.44 0.37 
Knowledge barrier 1.02 0.51 0.04 
         
0.60 0.59 0.31 
Tech skills barrier -0.22 0.48 0.65 
         
-0.46 0.65 0.48 
Finances barrier -0.45 0.38 0.24 
         
0.33 0.50 0.50 
Education 
    
-0.05 0.36 0.90 
        
Years of experience 
    
-0.16 0.31 0.61 
        
Memberships 
    
0.33 0.32 0.30 
        
Drought plan 
    
-0.29 0.69 0.67 
        
% income from operation 
        
-1.14 0.31 0.00 
 
-1.07 0.31 0.00 
Hectares (log) rangeland 
        
0.81 0.21 0.00 
 
0.84 0.27 0.00 
Proportion rented to total 
        
1.05 0.76 0.17 
 
0.73 0.85 0.39 
Insurance 
        
-0.48 0.81 0.55 
 
-0.61 0.77 0.42 
Contract graze 
        
-0.07 0.77 0.93 
 
-0.40 0.87 0.65 
Winter feedlot 
        
-0.72 0.68 0.28 
 
-0.33 0.67 0.62 
Summer feedlot 
        
-0.80 0.73 0.28 
 
-1.63 0.85 0.06 
Number of obs 68 
   
68 
   
68 
   
68 
  
Wald chi2(6) 13.88 
   
2.11 
   
52.47 
   
57.67 
  
Prob > chi2 0.03 
   
0.83 
   
0.00 
   
0.00 
  
Pseudo R2 0.06 
   
0.01 
   
0.20 
   
0.24 
  
AIC 874.85 
   
913.85 
   
755.33 
   
729.27 
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Table 70 Ordered Logistic Regression Prediction of Timing of Culling/Selling Breeding Animals in 2016 
 Drought + Perceived AC  + Human/Social Resources  + Natural/Financial Resources  +Perc. AC + N/F Res. 
Timing cull/sell breeding animals Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
 
Coef. Std. Err. P>z 
SPEI -1.83 0.93 0.05 
 
-1.36 1.00 0.17 
 
0.06 0.97 0.95 
 
-0.55 1.08 0.61 
Perceived self-efficacy 0.49 0.51 0.34 
         
-0.27 0.56 0.63 
Info barrier 0.70 0.51 0.17 
         
0.62 0.69 0.37 
Knowledge barrier -1.32 0.51 0.01 
         
-2.31 0.89 0.01 
Tech skills barrier -0.83 0.79 0.30 
         
-0.52 1.28 0.69 
Finances barrier 0.12 0.46 0.79 
         
0.90 0.70 0.20 
Education 
    
0.45 0.57 0.43 
        
Years of experience 
    
-0.02 0.27 0.95 
        
Memberships 
    
-0.35 0.45 0.44 
        
Drought plan 
    
-0.12 0.95 0.90 
        
% income from operation 
        
-0.56 0.13 0.00 
 
-0.81 0.27 0.00 
Hectares (log) rangeland 
        
0.32 0.15 0.04 
 
0.59 0.21 0.01 
Proportion rented to total 
        
2.83 1.66 0.09 
 
0.89 1.10 0.42 
Insurance 
        
0.60 0.72 0.41 
 
1.63 0.69 0.02 
Contract graze 
        
0.07 0.93 0.94 
 
0.08 1.24 0.95 
Winter feedlot 
        
1.10 1.25 0.38 
 
0.37 0.94 0.69 
Summer feedlot 
        
-1.93 0.59 0.00 
 
-0.90 0.69 0.19 
Number of obs 48 
   
48 
   
48 
   
48 
  
Wald chi2(6) 16.47 
   
3.77 
   
39.79 
   
28.85 
  
Prob > chi2 0.01 
   
0.58 
   
0.00 
   
0.01 
  
Pseudo R2 0.14 
   
0.03 
   
0.15 
   
0.26 
  
AIC 460.21 
   
513.79 
   
462.93 
   
416.82 
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Conclusions 
The conclusions of this study may be summarized in four points.  First, managers’ 
perceptions of their own self-efficacy and the barriers they face in managing drought are 
not simply another way of measuring objective adaptive capacity. These perceptions, in 
fact, were only weakly predicted by the measures of objective adaptive capacity included 
in this study. Insofar as they are important for understanding adaptive behavior, 
perceptions of adaptive capacity must be measured and considered independently of 
objective adaptive capacity measures. 
This point is relevant because, second, managers’ perceptions play a role in 
predicting the actions that were taken during the drought as well as the timing of the 
actions taken. In some cases, perceptions of greater adaptive capacity were associated 
with earlier actions, but in other cases, these perceptions were associated with later 
actions. This finding does not contradict Grothman and Patt (2005), but rather suggests 
that, for example, high levels of confidence may either provide capacity to act without 
hesitation, or may provide a false sense of safety (bias) that keeps managers from 
recognizing a threat immediately. 
Third, objective sources of adaptive capacity have a clear influence on managers’ 
use and influence of drought early warning information. In particular, education and 
social resources (memberships) were important in predicting use of early warning 
information, as was having a drought plan. Membership in production and educational 
organizations may provide managers with opportunities to be exposed to and learn about 
monitoring and early warning information sources, and may also be a source of a 
manager’s social norms around monitoring and use of information (Hennessy & Heanue, 
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2012). Having a plan may increase a manager’s perceived salience of early warning 
information (Cash et al. 2002), by linking planned actions to an explicit “if” condition 
that can be identified using the information.  This aligns with previous findings that 
having an implementation intention increases an individual’s ability to detect cues to 
action (Webb & Sheeran, 2007).  
Fourth, while previous work (Gollwitzer and Sheeran, 2006; Haigh and Knutson, 
2013) suggests that having a plan would directly affect the actions taken and timing of 
actions, in this study only the timing of purchasing supplemental hay/feed was influenced 
by having a plan. In other words, having a drought plan may not result in actions being 
automatically triggered by drought conditions. This surprising finding calls for additional 
research under future drought conditions. Two possible explanations present themselves. 
First, the proportion of managers reporting having a drought plan was quite high (62%), 
and there may be variability in the content of the plan. Some South Dakota managers may 
have drought plans on paper due to USDA requirements for receiving federal 
Environmental Quality Incentives Program (EQIP) funds and use them less rigorously 
than other managers. Second, it is possible that many managers, even those with plans for 
drought, did not consider the 2016 drought to represent a level of threat beyond which 
they could manage by destocking at a convenient time of year. The 2016 drought may not 
have been perceived by managers as likely to irreparably damage the livestock-rangeland 
systems or move them out of their current state of resilience. Indeed, the drought was not 
nearly as severe as managers experienced in 2012-2103, and level of damage may have 
been a logical trade-off to the labor and time savings and market reward of waiting until 
fall to destock pastures and marketing larger animals.  
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Overall, this study demonstrates the relevance of cognition-based protective 
action theories such as the MPPACC to research on adaptive capacity, rangeland 
management, and drought mitigation and response. Use of the MPPACC model provides 
an improved understanding of adaptive as well as maladaptive actions in response to 
hazard events over the use of objective adaptive capacity indicators alone. More thorough 
integration of cognitive models into hazard and climate change adaptation research will 
improve scientific understanding as well as the quality of the outcomes for society. 
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CHAPTER 7: CONCLUSION 
Contributions of Research 
As described in Chapter 1, evaluating the degree to which adaptive capacity 
results in lessening impacts of hazards such as drought is difficult. This study used post-
hazard event assessments to evaluate rangeland managers’ adaptive capacity in the 
context of realized decision-making and outcomes of two recent drought events in the 
U.S. Northern Great Plains. Guiding questions included: 
1. For rangeland managers experiencing drought, what is the relationship 
between protective action and impacts? 
2. For rangeland managers experiencing drought, what are the best predictors of 
taking protective action? 
 The study was not definitive in answering the first question. Management actions 
tended to have either no association with measured impacts, or a positive association. 
With regard to range health, the 2014 survey demonstrated that impacts were not 
alleviated by destocking practices, for example; rather, destocking practices may have 
been triggered reactively by witnessing impacts to range health. The 2016 survey 
measured the beginning to taking action at a monthly time step to determine whether 
actions taken earlier in the year had different effects on drought impacts than actions 
taken later in the year. The weighted data did not support this hypothesis, although the 
unweighted data did. Managers who destocked later in the year, however, were more 
likely than others to say they might have seen better outcomes had they acted differently. 
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 Whether or not the actions in this study could be shown to protect operations from 
the impacts of drought, the study answered the second guiding question by providing 
support for an integrated cognitive-social-ecological model of adaptive capacity and 
decision-making. Prediction of drought management action is informed by aspects of the 
social-ecological system, cues and warnings to action, and cognitive processes that 
depend upon perceptions of adaptive capacity. This work enriches the Chapin et al. 
(2009) model, which, along with many other macro-scale models of vulnerability and 
resilience, presents a black box regarding the mechanism of objective adaptive capacity. 
The three behavioral models examined, each with slightly different foci, are found to 
provide plausible pathways for the effect of adaptive capacity on drought management 
decision-making and its outcomes.  
Generalized sources of adaptive capacity (categorized as natural, financial, 
institutional, social, human, and financial resources) have direct and indirect means of 
influencing decisions about drought management. Directly, resources that provide 
flexibility in management provide the objective capacity to take adaptive action during 
drought. Indirectly, these resources influence other processes central to decision-making 
around drought management, including managers’ use and influence of drought early 
warning information and their beliefs about themselves and the barriers that they face. 
The ability to use drought early warning and incorporate it into decision-making 
is a source of adaptive capacity that influences the timing of action. The manager’s 
ability to assess conditions and use on-farm monitoring (such as a rain gauge) to inform 
decision-making is important for paying attention to environmental cues that signal the 
threat of drought and need to act. The use and influence of external sources of early 
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warning information is important for alerting managers of environmental conditions that 
are less directly observable, and providing external validation that action is needed. 
Having the capacity to use and incorporate both kinds of information is associated with 
earlier observation of drought’s development and with the timing of purchasing 
supplemental feed, grazing fall/winter pastures earlier than usual, and destocking 
livestock. 
 The role of the drought plan as a source of adaptive capacity is also illuminated in 
this study. In this study, the drought plan played a more indirect than direct role in 
supporting drought response action. Having a drought plan may support other factors that 
directly influence the timing of other actions. Having a plan is associated with managers 
perceiving higher self-efficacy and lower barriers to successful drought management. 
Having a plan is also associated with a greater likelihood of managers incorporating on-
farm assessments and monitoring, as well as external sources of drought early warning 
information, into their decision-making. These factors directly affected the actions taken 
and the timing of those actions during the 2016 drought, even as having a plan did not 
(for the most part). 
Implications 
This study contributes to the body of research dedicated to identifying key sources 
and processes of adaptive capacity that lead to greater system resilience and lowered 
vulnerability to harm due to hazards such as drought. This study also addresses gaps in 
existing theoretical models by proposing that cognitive models may be nested in social-
ecological models, and demonstrating where models might link and inform one another. 
The use of the protective action models provides opportunities for the integration of 
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macro-level constructs such as the hazard, exposure and sensitivity to the hazard, 
objective adaptive capacity, and resilience. It is theoretically consistent with either of the 
decision-making models to assume that the individual decision-makers consider what 
they perceive and believe about their specific situation based on external realities, and 
balance their perceptions with other types of information as they make decisions. 
Therefore, the Chapin et al. (2009) conceptual model (and other vulnerability and 
resilience models) represents the characteristics of the social-ecological system that are 
perceived by the decision-maker and considered through these cognitive processes. At the 
same time, the Chapin et al. model is strengthened through incorporation of more specific 
pathways for the effect of adaptive capacity on the hazard response, impacts, and long-
term effects on the system itself. The resulting nested model, demonstrated in Figure 7, 
highlights the roles of drought early warning information, planning, and the social-
ecological system’s influence over decision-makers’ perceptions of threat and adaptation 
capacity that ultimately determine how they shape the outcomes of a hazard event such as 
drought. 
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Figure 7 Nested Cognitive-Social-Ecological Model of Adaptive Capacity 
 The also study elucidates the role that adaptive capacity plays in connecting the 
three pillars of drought management: monitoring and early warning, vulnerability and 
impact assessment, and preparedness, mitigation, and response. The vulnerability and 
impact assessment pillar includes what Hayes et al. (2004) define as assessment of 
impacts, causal assessment, and temporal trends. Vulnerability can be thought of as the 
biophysical and social processes that describe a place’s susceptibility to harm (Blaikie, 
2005; Wilhite and Easterling, 1987; Hayes et al., 2004), including the ability of the 
systems in place to cope with the hazard. The use of a post-drought survey or other 
means of appraisal to identify sources of adaptive capacity is a key aspect of the 
vulnerability assessment. Understanding this aspect of vulnerability is important for 
connecting the pillar to monitoring/early warning and preparedness/mitigation/response. 
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The drought monitoring and early warning pillar, aka “activities that provide 
information that can be used to alert decision makers at all levels of the onset of drought” 
(Wilhite, 2000, p. 17), is often considered to be largely the domain of climate scientists. 
As described above, however, this study demonstrates that adaptive capacity is necessary 
in order for drought early warning information to be adopted and used in decision-
making.  
The terms preparedness, mitigation, and response are more commonly used in the 
field of drought management than adaptive capacity, but the concept of adaptive capacity 
can strengthen this framework. Mitigation may be considered to be short- and long-term 
measures that are planned prior to the hazard event with the intent of reducing harm, 
including planned actions that are taken after the onset of drought to minimize impacts 
and minimize recovery time (Wilhite, 2000; Rossi, 2013). Preparedness also describes a 
planned approach to reducing impacts, often used synonymously with actions that are 
taken to improve response to drought (Gerber and Mirzabaev, 2017; Wilhite, 2000; Fu et 
al., 2013). Thus, like adaptation, response is a description of a category of actions that 
may be planned or unplanned, and existing along a continuum of proactive to reactive. 
Building adaptive capacity is a mitigation strategy that improves hazard response. 
Building adaptive capacity may be considered as the equivalent of developing 
preparedness for protective hazard response. Having a plan is just one aspect of building 
adaptive capacity for private proactive drought response, but the plan appears to help link 
drought early warning to decision-making and also lessen the cognitive barriers to taking 
action. 
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The National Drought Mitigation Center provides resources organized as the 
Managing Drought Risk on the Ranch website (https://drought.unl.edu/ranchplan), to 
support rangeland managers’ efforts to plan drought mitigation strategies as well as 
drought response and recovery. For resources like this, the research offers a few potential 
implications. First, it provides support for encouraging managers to invest in the 
management flexibility of their operations. Second, it provides a message that having a 
response plan is not effective if it does not trigger proactive action. The Managing 
Drought Risk on the Ranch website may have to increase its emphasis on the benefits of 
taking early action regardless of the sources of uncertainty. Third, it informs efforts to 
support the sources of drought early warning information that are most influential to 
decision-makers. Drought early warning information might be used to provide cues that 
managers should assess their conditions, and might be used to provide information as to 
why they are or are not seeing early signs of drought, to further strengthen managers’ 
confidence in their ability to observe and respond proactively before drought damages 
accrue. Finally, this research provides evidence of the need for managers to monitor the 
outcomes of their drought risk management. Monitoring and comparing one’s own 
outcomes to others allows managers to observe whether or not the practices they believe 
to be effective are actually providing drought management benefits, and also to observe 
even small improvements in their drought outcomes that might inspire greater perceived 
adaptive capacity and future adaptations. 
These findings also suggest areas for education and training in order to increase 
rangeland managers’ adaptive capacity. For the approximately 20% of respondents who 
viewed knowledge about drought management as a moderate or extreme barrier, 
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education may be an effective means to improve perceived adaptive capacity.  Training in 
on-farm monitoring may have the same effect. According to Marshall and Smajgl (2013), 
helping rangeland managers move from very low to even moderate levels of adaptive 
capacity is challenging but possible through targeted opportunities to network, learn, and 
plan for climate hazards. This study contributes new understanding of the possible 
benefits of strategies such as identification of no-regrets strategies to improve rangeland 
managers’ adaptive capacity. 
Methodological Lessons Learned 
A post-hazard event assessment survey of decision-makers is generally an 
effective method of evaluating associations between protective actions taken during 
drought and impacts experienced. The method links the actions and impacts of the 
individual case (decision-maker or agricultural operation) to identify emergent 
relationships, and to control for other predictors of impacts such as the drought severity 
experienced at individual locations. The method makes it possible to empirically test the 
effect of actions that managers, advisers, or researchers might claim to be effective for 
limiting the harm experienced during drought.  
The method has limitations that restrict its effectiveness. Because both the action 
and the impact are measured after the drought event in this method, it is a challenge to 
determine the direction of causality in the relationship between actions and impacts. In 
the 2014 survey project, it was found that measuring the timing of protection based on the 
time-step of a year may be too coarse to discern causality between action and impact. The 
2016 survey modified the measurement based on the time-step of a month.  
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Sources of measurement error can be posthumously identified in both surveys. 
Neither the 2014 nor the 2016 variable included measures of the operation’s stocking rate 
before and during drought. This well-established contextual factor is likely to shape the 
actions taken during drought and also predict the impact of the drought on rangeland 
health, and should be measured and included in future studies. There may be other 
important variables also missing from analysis. And finally, both surveys measured 
“action” using a predetermined list of common drought management actions. This 
question format may have missed detecting other adaptive behaviors that may have better 
predicted the impacts that respondents experienced.  
The lack of power of some of the analyses is also a limitation. The power of the 
analysis in which cognitive characteristics were considered may not have been sufficient 
to identify some potential relationships, which are likely to have relatively small effect 
sizes. These cognitive characteristics were primarily the focus of the 2016 survey, which 
had the smaller number of responses of the two surveys.  
Opportunities for Future Research 
Post-drought assessments are often conducted to document the characteristics of a 
drought event and the impacts experienced. The post-drought survey might be 
administered as part of a post-drought assessment to evaluate the outcomes of drought 
planning, mitigation, and response actions taken in any sector of interest, in addition to 
agriculture. Data may provide opportunities for comparing the actions and outcomes of 
different entities during a single drought event, but also enable ongoing evaluation of the 
results of investments in adaptive capacity over time. The most precise and unbiased 
measurement instruments will be developed through targeted literature reviews, 
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consultation with content experts, and pretesting procedures that ensure that key sources 
of adaptive capacity, proactive and reactive adaptations, and impacts are adequately 
operationalized and measured. Future efforts to develop and implement post-drought 
questionnaires to achieve these goals should learn from prior efforts and improve upon 
them. Studies like this one can support adaptive management and drought planning 
processes by depicting how various systems might function under droughts of different 
lengths or severities in the future. The benefit of such reflection is the ability to plan for 
proactive adaptation strategies that can lead to the persistence or positive transformation 
of rangeland socio-ecological systems in the face of future drought events.  
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Appendix B: 2016 Survey 
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